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ABSTRACT
The demand for safe and minimally processed food and "nutraceuticals" has
created a market for natural antimicrobials. Limited studies have investigated herbal
medicine' s safety, inhibitory and lethality effect to pathogenic microorganisms and the
antimicrobial efficacy of herbs in food model systems such as chicken. Our objectives
were to evaluate the antimicrobial and mutagenic activities of commercial herbal extracts
and to investigate the antimicrobial efficacy of herbs to spoilage and pathogenic bacteria
in marinated chicken. Essential oils and/or herbal extracts of bilberry, black cohosh,
cranberry, evening primrose oil, flax seed, garlic, ginko, ginseng, goldenseal, gotu kola,
grapefruit oil, grapefruit seed (GSE), kava-kava, lemon balm, marjoram, milk thistle,
oregano, pau d'arco, skullcap, hypericum, thyme, and valerian were evaluated for
antimicrobial activity by the disc agar diffusion method. Mutagenicity of selected herbs
was determined by the Ames test. The mutagenicity ratio (MR) was calculated based on#
revertants/plate as compared to control (MR> 2.0 = strongly mutagenic). The minimum
lethal concentration (MLC) was evaluated by the tube dilution method to determine
toxicity prior to mutagenicity assay. Fresh chicken breasts were inoculated(~ log 6
CFU/g) with C.jejuni, S. Typhimurium, L. monocytogenes, and E.coli 0157 : H7. The
following marinade treatments (base of water, salt, sodium phosphate, and citric acid; pH
4.5) were evaluated using fresh inoculated chicken breasts (20% marinade by weight of
the chicken): control (no herbs), 0.3% of each GSE, oregano essential oil (ORG), thyme
essential oil (THY), 1% dried oregano leaves (ORL), and combination of 0.3% of each
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GSE, ORG, and THY. APC and survival of pathogenic bacteria during storage at 4°C
were determined at days 0, 3, 6, 9, 12, and 15. The most effective antimicrobial herbs
were oregano (inhibition zone: 37-87 mm, MLC: <200-3125 ppm), thyme (inhibition
zone: 42-87 mm, MLC: 200-1563 ppm), and GSE (inhibition zone: 15-66 mm, MLC:
200-6250 ppm). Bilberry, flax seed, milk thistle, pau d'arco, and scullcap were the least
effective antimicrobial herbs against all bacterial pathogens. Hypericum, ginko, and
goldenseal were strongly mutagenic (Average MR= 4.6, 3.4, and 2.1, respectively).
Black cohosh, cranberry, gotu kola, GSE, kava-kava, pau d'arco, marjoram, oregano, and
valerian showed various degrees of weak mutagenicity. ORL marinade was the least
effective treatment in inhibiting all microorganisms. The GSE marinade reduced the APC
and growth of C. jejuni, (<2 log CFU/g) but did not significantly inhibit S. Typhimurium,

E.coli O157:H7, or L. monocytogenes (P>0.05). THY, ORG, and the combination
treatment significantly reduced microbial counts (P<0.05). The combination treatment
was the most effective (P<0.05) in reducing APC and E. coli O157:H7, and was highly
lethal(~ log 4 CFU/g reduction) to S. Typhimurium, C.jejuni, and L. monocytogenes.
The mutagenicity data show that some frequently used herbs may also be strong
mutagens and thus potential carcinogens. Further genetic toxicology testing is warranted
for concentrated herbal extracts such as hypericum, ginko, and goldenseal due to their
growing popularity and mutagenicity in the Ames test. Our data suggest that selected
herbs have powerful antimicrobial potency both in culture media and chicken marinade
and may be used to increase the shelf life and safety of value-added poultry products.
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Part 1: Literature Review
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Introduction
To promote the importance of food safety, President Clinton's Food Safety
Initiative (FSI) was implemented in 1997 (FDA, 1999). The goals ofFSI are to detect
and eliminate foodbome hazards, to educate about food safety, and to enhance
collaborative efforts among the FDA, USDA, CDC, the food industry, consumers, and
the scientific and medical community based on scientific research and risk assessment.
According to The Centers for Disease Control (CDC), infectious diseases from foodbome
bacteria have an annual cost of over $6.7 billion (CDC, 1998). CDC has estimated 76
million illnesses, 325,000 hospitalizations and 5000 deaths annually due to foodbome
illness (Mead et al. , 1999). The following foodbome pathogens have resulted in 90% of
the annual deaths in the US : Salmonella: 31 %, Listeria: 28%, Toxoplasma : 21 %,
Campylobacter: 5%, and E. coli O157 :H7: 3%. Various factors are responsible for

outbreaks of foodbome infections. The interest in using natural antimicrobials to prevent
and treat disease is also increasing. Herbal medicines have been used to preserve foods
and treat disease for centuries and may be useful as antimicrobial food additives (Conner,
1993 ; Jay, 1996). The consumer demand for preservative-free food and "nutraceuticals '
has created a market for natural antimicrobials.
One of the challenges facing the food industry is producing the consumer-driven,
natural and minimally processed foods with the highest safety and quality standards
(Gould, 1996). Natural antimicrobial systems, derived from animals, plants and
microorganisms have been explored for food preservation. Since herbs and spices are
widely used in food as flavoring agents, their antimicrobial efficacy may be a valuable
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addition to meet the growing need for natural food processing. As natural components of
some foods, herbs and spices have been used to improve the safety and shelf life of food
products for centuries (Conner, 1993). Essential oils contribute to the taste and aroma of
herbs and spices and may also include the antimicrobial compounds (Conner, 1993).
According to Wilkins and Board (1989), over 1,340 plants have been identified for their
antimicrobial properties. The antimicrobial efficacy of garlic, onions, cinnamon, cloves,
oregano, and thyme has been reported (Conner, 1993 ; Gould, 1996; Hirasa and
Takemasa, 1998; Nakatani, 1994). However, many studies have reported antimicrobial
efficacy using culture media or in-vitro, which do not pose the same efficacy in food
products "in vivo".
The use of natural or alternative medicine is also increasing (Fransworth, 1998).
However, the safety and efficacy of natural products has been a puzzle from the scientific
perspective. Limited in vivo and in vitro studies are available. These chemicals
frequently do not possess the same efficacy in humans (Farnsworth, 1998). Reputable
scientific research and Good Manufacturing Practices to assure safety and quality of
botanicals can eliminate hazards associated with nutraceuticals. Allergic reactions,
mislabeling, contamination with natural and toxic compounds, toxin production from
contaminants, impurity, and drug interactions have been reported with medicinal herbs
(Farnsworth, 1998).
Many naturally occurring compounds found in food have the ability to damage
the DNA, which is the major cause of cancer and other diseases (Ames, 1979).
Mutagenicity assays detect mutagens that cause changes or damage to DNA. To evaluate
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cancer-causing compounds, a reliable method is needed to initially evaluate the
mutagenicity, prior to extensive genetic toxicology testing. The Ames test is a short-term
method for detecting mutagens and potential carcinogens that uses a set of Salmonella
Typhimurium strains and metabolically activated liver-homogenate, developed by Dr.
Bruce Ames in early 1970s (Maron and Ames 1984). The correlation between
mutagenicity and carcinogenicity is estimated around 83% (Ames and McCann, 1981).
Mutagenic compounds must be further analyzed for extensive animal genetic toxicity by
ingestion to determine carcinogenicity.
With the gaining popularity among consumers, the safety of herbal and nutritional
supplements is of concern. The "gray area" of regulating and differentiating functional
claims and structure-function claims is of concern. According to 575 food industry
executives as reported by O'Donnell (I 998), the top five key obstacles to functional
foods include lack of consumer awareness, lack of category definition, regulatory
environment, taste/flavor quality problems and lack of scientific validation.
Incorporation of botanical substances into food may improve the nutritional values and
safety of food . Well-designed scientific studies are needed to validate claims and ensure
safety.

Plant-Derived Natural Antimicrobial Compounds and Their
Application in Food Model Systems
The essential oils, organic acids and phenolic compounds of herbs and spices
have been investigated for antimicrobial properties (Gould, 1996). The essential oils,
comprised of esters, aldehydes, ketones, and terpenes are defined as the low molecular
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weight volatile compounds, which contribute to flavor and antimicrobial properties
(Conner, 1993 ; Gould, 1996). The phenolic compounds from plant sources that act as
antimicrobials include caffeic, cinnamic, ferulic, gallic acid; oleuropein, thymol, and
eugenol (Gould, 1996). The other plant-derived antimicrobials such as organic acids,
which are used as preservatives or acidulants, include benzoic, sorbic, acetic, and citric
acids.
The antimicrobial efficacy of the selected commercial herbal extracts, which
might inhibit (minimum lethal concentration, MIC) or kill (minimum lethal
concentration, MLC) the pathogens of interest, is summarized in Table 1-1 . The effective
antimicrobial concentration of herbs in actual food applications are generally much
higher than in culture media or "in vitro."
Limited studies utilizing the antimicrobial efficacy of herbs in foods are available.
Table 1-1 also summarizes the information on application studies of selected herbs in
various food products. Since high concentration of herbal extracts/essential oils may
result in undesirable sensory attributes, a combination of various preservation methods
may be used (Gould, 1996).

Regulatory Aspects of Herbs and Dietary Supplements
The regulatory status of selected herbs is summarized in Table 1-1 . The herbs of
interest are regulated as a special category of foods (Camire and Kantor, 1999) such as
Generally Recognized as Safe (GRAS), dietary supplements, or food .
Historically, the Food and Drug Administration (FDA) has not regulated "natural"
products (Farr, 1999). Due to increased safety concerns, the FDA requires that herbal
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Table 1-1. Comprehensive literature information regarding the selected herbs and their composition.
Plant
Allium
sativum

Common
name:
garlic

Family:

Liliaceae

Part: bulb
0\

Regulatory Status &
Safet:v Classification A

U.S.c: GRASc, but only
as oil, extract or
oleoresin; food ; dietary
supplement

AHPA Botanical Safety
Rating: class 2c;

therapeutic use only, not
as spice [McGuffin et al. ,
1997]
Safety concerns: GI
problems, allergic
reactions [Blumenthal et
al. , 1998)

Chemical
Components

Alliin and sulfurcontaining
compounds such as
ajoene and essential
oil, vit.c A, B, C, E,
adenosine,
phytosterols,
flavonoids, lipids,
proteins, amino acids
[Blumenthal et al.,
1998]

Commercial Product
For This Research 8
1) Brand name:

"Kyolic Liquid"
Ingredients: Aged
garlic extractrM, water
and residual alcohol
from extraction

Dosage:

½f

(1rnl)/BIDC
Ty1le: extract
2)

Brand name: "

The Essential Oil
Company"
Ingredients: distilled
oil of A Ilium sativum
Type: essential oil

Claims/Functions/ Pertinent Antimicrobial
Information from the Literature 0

Flavor, healthful, antibacterial [Blumenthal et
al. , 1998]

Previous antimicrobial studies:

•

•
•
•
•
•

•

•
•

Allicin MBCc (mg/ml): E. coli (1. 6), S.
Typhimurium (1.6), S. aureus (0.8) [Rode et al. , 1989)
Diallyl thiosulfinate MBCc(mM): S. Typhimurium
(0 .2-0.5 mM) [ Feldberg et al ., 1988]
MICc (µg/rnl) of ajoene: B. cerus (5), S. aureus
(20), E.coli (100) [Naganawa et al., 1996]
Thiosulfinate, MICc(µg/rnl): S. aureus 160µg/ml
[Sivam et al., 1997]
Garlic EOc not inhibitory to E. coli, S. aureus, L.
monocytogenes, S. enteritidis, & C. jejuni by agar
well technique [Smith-Palmer et al. , 1998]
5% garlic in fresh sausage (25°C) reduced (I log
CFU/g) S. Typhimurium in 4 days [El-Khateib and
El-Rahman, 1987).
Application of 5% (of each) onion, garlic, spice
and salt in minced meat: salt more in11ibitory than
spices toward S. Typhimurium & total coliform;
the 1nixture: more in11ibitory to APC (storage at
RTc for 7 days); S. Typhimurium in cooked meat
was reduced during storage at 3 and -8°C for 28
days [Helmy et al. , 1985]
Application of garlic (7.5% and 1%) in fennented
sausage reduced E. coli O157 :H7 population (2
and < l log CFU/g, respectively) [Anonymous,
1998] .
Not inhibitory toward L. monocy togenes by paper
disc diffusion method fAureli et al. , 19921

Table 1-1. Continued.
Centella
asiatia

Common
Name:

Gotu kola

Family:

Apiaceae

Part: Herb

-.J

U.S.c;: dietary
supplement

AHPA Botanical Safety
Rating: class 1
Safety concerns: not
recommended during
pregnancy [INR, 1999;
Newall et al ., 1996],
reported contact
dermatitis in some
people [INR, 1999],
asiaticoside as possible
skin carcinogen [Duke,
1985]

Saponin glycosides,
asiaticoside
Carcinogenic [Duke,
1985],
madecassoside,
bralunoside,
bralunissoside [ABC,
1997], hydrocotylin
(alkaloid),
centelloside [Duke,
1985]

Brand name: "Herbs
of Light"

Other statements:

Certified
organic/wildcrafted
Ingredients: whole
herbs, seeds, 50%
grain spirits, and
distilled Energized
water1 M
Process: cold process
percolation/
maceration
immediately after
grinding
Dosage: 20-40 drops
in beverage/rID c for 6
days, 1 day off, or as
directed by physician
Type: extract

Promotes wound healing, psoriasis [INR, 1999], antiinflammatory, diuretic [Duke, 1985; Newall et al.,
1996], improves memory [Foster, 1996], active against
tubercular bacillus [Duke, 1985]

Table 1-1. Continued.
Cimicifuga
racemosa

Common
Name:

Black
cohosh

Family:

Ra.nunculaceae

Part:
00

rhizome

U.S.(;: dietary
supplement

AHP A Botanical Safety
Rating:
class 2b, 2c

Safety concerns:

reported GI discomfort,
large dosage may caused
vertigo, headache,
nausea, impaired vision
and circulation,
vomiting, and lowered
blood pressure [INR,
1999], overdose may
cause premature birth,
not listed as poisonous,
" ...no pharmacological
evidence of any
therapeutic value", by
FDA [Duke, 1985]

Isoflavone, triterpene
glycosides, alkaloids,
tannins terpenoids,
isoferulic acid, resin
(cimifugin),
salcyilates, volatile
oils [Hoffman, 1999;
INR, 1999]

Note: Family of

Ranunculaceae
(pyrrolizidine
alkaloids) is
hepatocarcinogenic
[Mattocks, 1986]

Brand name:

"Nature ' s answer"

Other statements:

Bio-marker
standardized; not
tested on animals;
herbicide & pesticide
free

Ingredients:

Holistically balanced™
extract of black
cohosh root in a base
of triple filtered water,
15-20% certified
organic alcohol and
coconut glycerine
Dosage: 14-28
drops/BIDc
Type: extract

Menstruation aid, hot flashes, anti-inflammatory for
arthritis and rheumatism, childbirth aid, hypotensive
[Blwnenthal et al., 1998; Hoffman, 1999]

Table 1-1. Continued.
Citrus
paradisi
Common
Name:
Gra~efruit
Family:
Rutaceae
Part: seeds
and pulp,
referred to
as
"grapefruit
seed extract
or GSE "

U.S. c: Citricical®, as
natural extractive, listed
as GRASc [GSE, 2000b]
Citricidal® toxicity:
acute oral toxicity LDso
>5000 mg/kg of live
weight, chronic toxicity
LD 50 2500 mg/kg of live
weight, human patch
studies: >3% very mild
irritation by allergic
individuals [GSE,
2000b]

Diphenol
hydroxy benzene
complex
(Citricidal®),
polyphenolic
compounds,
including quercetin,
helperidin, campherol
glycoside,
neohelperidin,
naringin, apigenin,
rutinoside, poncricin,
quaternary
compounds such as
choline, glycerine (to
reduce bitterness and
acidity) [GSE, 2000b
&c]
Other notes:
Certificate of analysis
of GSE reported that
triclosan,
benzethonium
chloride, or parabens
are not present in
GSE (Irvine
Analytical
Laboratories, Inc.,
1996; United States
Testing Co, Inc. ,
1995; Weston-Gulf
Cost Laboratories,
Inc., 1992)[GSE,
2000c]

Brand name:
"NutriBiotic"
Other statements:
GSE® from certified,
organically grown
grapefruit; unfiltered
formula liquid
concentrate; full
strength not to be used
in mouth, ears, nose or
sensitive areas
Ingredients: 67%
vegetable glycerine,
33% Citricidal®
Dosage: 5-15 drops in
water or juice 1times/De
Type: extract
Concentration for
potential uses of
Citricidal® (60%):
bactericide/fungicide:
50-250 ppm; fish and
poultry (disinfectant/
preservative) : 100lO00ppm; food
(preservative/antioxidant) l 0-250ppm
[GSE, 2000b]

Broad spectrum antimicrobial, antiviral, antimycotic,
antiprotozoan, antioxidant [GSE, 2000d]
Previous antimicrobial studies:
• Antimicrobial against S. aureus, E. coli, Bacillus
sub ti/is, Micrococcus jlavus, Seratti a marcescens,
and Proteus mirabilis; potent antimicrobial agent
identified as triclosan, benzethonieum chloride,
and methylparabene [Woedtke et al., 1999]
• MICc(ppm) of citricidal grapefruit extract: S.
Typhimurium (ATCC 5710): 6, E.coli (NCTC
9001) : 6, B. cereus: 60, C. botulinum (NCTC
3805): 60, L. monocytogenes (ATCC 15313): 20,
S. aureus (NCTC 7447): 2 [GSE, 2000a]
• Spraying chicken skin with GSE, at 0.1% reduced
APC and Salmonella by 1.7 and 1.6 CFU/g,
respectively while 0.5% resulted in 2.1 and 1.8
CFU/g reduction, respectively (P<0.05) [Xiong et
al., 1998].
• MICc: GSE (50-2000 ppm) inhibited the growth
of E. coli, S. aureus, and Fusarium spp. in fresh
fruits and vegetables [Cho et al ., 1993]
• Fruits/vegetables treated with GSE (Ml Cc: 200500 ppm), wrapped in polyethylene film (0.1 mm)
stored at 10-15°C, inhibited post harvest spoilage
microorganisms, yeast and mold [Cho et al. , 1994].
• Combination of 250 ppm GSE, 1% ascorbic acid,
and polypropylene film inhibited spoilage
microorganisms in soybean sprouts for 5 days
[Park et al., 1998].
• l % GSE in a film, used to package curled lettuce
and soybean sprouts inhibited E. coli and S.
aureus, APC, yeast, and lactic acid (Lee et al., 1998].

Table 1-1. Continued.
Citrus
paradisi

Common
Name:

Gra2efruit

Family:

Rutaceae

Part: peel

......
0

U.S.<.; : GRAS<.;
Safety concerns:

bergaptens are
phototoxic, allergenic to
humans, and tumor
promoter on mouse skin
as cited in Leung and
Foster [ 1996)

Monoterpene
hydrocarbon,
limonene (90%),
volatiles, 1.4%
courmarin and
furocoumarins
(bergaptens) as cited
in Leung and Foster
[1996)

Brand name: "Now"
Other statements:

"not similar to our
Grapefruit Extract, a
potent cleanser"
Ingredients: 100%
natural EOc of
grapefruit peels
Process: cold press
Type: essential oil

Flavoring agent in beverages, desserts, dairy products,
and candy, antibacterial activity cited in Leung and
Foster [1996)

Previous antimicrobial studies:

•

•

Grapefruit EOc is extracted from the peel of the
fruit by cold expression, which is different from
GSE (extractives of seeds and pulp) has been
claimed to have antimicrobial properties [Leung
and Foster, 1996).
Grapefruit EOc was not inhibitory to E. coli, S
aureus, L. monocytogenes, S Enteritidis, and C.
jejuni by agar well technique [Smith-Palmer et al.,
19981

Table 1-1. Continued.
Ginko
hiloha
Common
Name:
Ginko
Family:
Ginkgoaceae
Part: leaf

U.S.c: dietary
supplement
ARPA Botanical Safety
Rating: 2d
Safety concerns: MAO
interactionc,
rare/occasional side
effects of headaches, GI
upset, heart palpitation
[McGuffin et al ., 1997],
inconsistent safety data
regarding Ginko seeds:
fresh seeds caused deatll
in children, cooked seeds
are safer, < 10 boiled or
roasted seeds [Leung &
Foster, 1996], overdosing and taking for
long tenn is not
recommended [Leung &
Foster, 1996], 40
mg/TIDc for 12 weeks to
be effective, interaction
with anticoagulants
[INR, 1999], LDso,
mouse: 7725 mg/kg
body weight after
ingestion and 100 mg/kg
by IVC, not mutagenic,
carcinogenic or toxic to
reproduction, or drug
interactions [Blumentllal
et al. , 19981

Flavone glycosides
(22-27%) as
quercetin,
kaempferol , and
isorhamnetin (by
HPLC), terpene
lactones (5-7%) as
ginkgolide A, B, and
C (2.8-3.4%),
bilobalide (2.63.2%), and ginkgolic
acid (<5 ppm) [ABC,
1997; Blumentlial et
al. , 1998; INR,
1999;]

Brand name: " Gaia
Herbs"
Other statements:
GBEC
Ingredients: 40%
grain alcohol, 10%
vegetable glycerine
Potency: 15.0 mg/ml
flavonoid glycosides
Dosage: 15 drops in
small amount of warm
waterfTIDc between
meals
Type: extract

Improves micro-circulation, memory, anxiety,
depression, inflammatory, cardiovascular, hearing, and
respiratory disorders, tinnitus, vertigo, dementia,
antioxidant [Blmnentl1al et al. , 1998; Hoffman, 1999;
INR, 1999]

Table 1-1. Continued.
Hydrastis
canadensis

Common
Name:

Goldenseal

Family:

Ranunculaceae

Parts: root,
,_.
N

rhizome

U.S.c: dietary
supplement

AHPA Botanical Safety
Rating: class 2b
Safety concerns: non-

toxic at therapeutic
dosage [ABC, 1997],
hydrastine toxicity
(excess doses) has
resulted in exaggerated
reflexes, convulsions,
paralysis, respiratory
failure, and may be fatal
[Newall et al., 1996],
goldenseal poisoning
symptoms are upset
stomach, nervousness,
and depression [ABC,
1997), irritation to the
mucosa from the fresh
plant, berberine
functions as uterine
stimulant [Muenscher,
1951 ; Newall eta!. ,
1996) high dose may
diminish vit.c B
absorption and may
cause severe ulceration,
avoid use if high blood
pressure [Duke, 1985]

Isoquinoline
alkaloids, including
hydrastine, berberine,
canadine [Hoffman,
1999; INR, 1999;
Leung and Foster,
1996; Newall et al.,
1996;], berberastine,
candaline, and
hydrastinine, fatty
acids, resin,
polyphenolic acids,
meconin, chlorogenic
acid, phytosterins,
and volatile oil
[Hoffman, 1999]

Note: Family of

Ranunculaceae
(pyrrolizidine
alkaloids) is
hepatocarcinogenic
[Mattocks, 1986),
alkaloids may have
anticancer activity
[Duke, 1985]

Brand name: "Gaia

Herbs"

Other statements:
GBEC

Ingredients: 10%
vegetable glycerine
and 40% grain alcohol
Potency: 50mg/ml
alkaloids
Dosage: 10 drops in
small amount of warm
waterfTIDc between
meals
Type: extract

Antimicrobial, anti-inflammatory, astringent, laxative,
expectorant, antihemorrhagic, stimulant to involuntary
muscle, tonic [Hoffman, 1999; Leung and Foster,
1996]

Previous antimicrobial studies:

•
•

Aqueous and ethanolic extract of goldenseal root
showed various inhibition toward protozoa [Nolan
et al. , 1996]
Hoffman [1999] reported in vitro antimicrobial
effects against Staphylococcus spp., E. coli, S.
typhi, other bacteria, protozoa, and fungi, but no
quantitative data was available.

Table 1-1. Continued.
Hypericum
perforatum

Common
Name:

St. John' s
Wort or
Hwericum

Family:

Hypericaceae

......
w

Part:

flower buds

U.S.c;: dietary
supplement, hypericinfree extract is a GRASc
substance in alcoholic
beverages only as
flavoring agent

AHP A Botanical Safety
Rating: 2d
Safety concerns: MAO,

SSRisc interaction (not
animal studies), photosensitizing [Blumenthal
et al. , 1998; INR, 1999;
Leung & Foster, 1996;],
GI upsets, allergic
reaction, fatigue, no long
term safety evaluation,
no known drug
interaction [INR, 1999),
not recommended during
pregnancy due to lack of
toxicity data [Newall et
al., 1996), weakly
mutagenic in Ames test
[Schimmer et al, 1994],
drug interactions with
Indinavir [FDA, 2000b],
quercitin from hypericin
not carcinogenic in a
spot test on the skin of
hamster embryo cells
[Okpanyi et al., 1990)

Anthraquinone
derivatives like
hypericin, flavonoids,
phenols, tannins,
volatile oils [Newall
et al. , 1996), and
psudohypericin,
isohypericin,
protohypericin,
flavonoids,
hyperoside, rutin,
biflavones,
procyanidins, EOc,
[Bissett, 1994]
glycosides, phenols,
carotenoids, organic
acids, choline, pectin,
tannins [INR, 1999),
quercetin [Schimmer
et al., 1994)

Brand name: " Gaia

Other statements:

Mild antidepressant, MAO inhibitor [Bissett, 1994;
Blumenthal et al., 1998;], anti-inflammatory, [Newall
et al., 1996) astringent, antimicrobial [Hoffman, 1999)

Ingredients: 65%

•

Herbs"

GBEC

grain alcohol, 10%
vegetable glycerine
Potency: 1.0 mg/ml
hypericin
Dosage: 10 drops in
small amount of warm
waterffIDc between
meals
Type: extract

Previous antimicrobial studies:

•

Aqueous extracts of St. John's wort showed low
bactericidal activity against 120 strains of E. coli
spp. by measuring surface hydrophobicity [Turi et
al., 1997)
Hyperforin, a component of hypericum may be
antibacterial against staphylococci and
streptococci as cited in Leung and Foster [1996).

Table 1-1. Continued.
Linum usitatissimum

Common
Name:

Flax seed
or linseed

Family:

Linaceae

Part: seed

......

U.S.<.: : dietary
supplement

AHPA Botanical Safety
Rating: 2d
Safety concerns: bowel

obstruction (150 ml),
seed to be taken with
fluid to prevent bowel
inflammation, thyroid
insufficiency (no data)
[McGuffin et al., 1997]

Fatty acids: linolenic
(57%), oleic (19%),
linoleic (15.5%),
palmitic (5.5%),
stearic (3 .5%)
[Rowland, 1995],
fiber, 52-76%
linolenic acid esters,
albumin, linustatin
and linamarin
[Blumenthal et al .,
1998]

Brand name:

"Barlean's Organic
Oils"

Other statements:

100% certified
organic; richest source
ofOmega-3 , bio
electron process
Ingredients: 100%
unrefined, unfiltered,
certified organic
flaxseed oil
Process: pressed
<96°C
Dosage: 1-2 Tc/Dc
Type: extract

Bulk forming laxative [Blumenthal et al., 1998;
McGuffin et al., 1997], relieving menstrual hot flashes,
anticancer, antiviral, antimicrobial [Thompson et al.,
1991 ; Murray, 1999], alleviates symptoms of insulindependant diabetes and asthma, helps to prevent
atherosclerosis, blood pressure, improves stamina, eye
sight and color perception [Murray, 1999]

Table 1-1. Continued.
Melissa
officinalis

Common
Name:

Lemon
Balm

Family:

Lamiaceae
or
labiaceae

......
V,

Part: leaf

U.S.(.;: dietary
supplement

AHPA Botanical Safety
Rating: I
Safety concerns: not
known

EO\ monoterpenes
(>60%), including
citronellal, citral a &
b, (geranial and
neral), methyl
citronellate, ocimene,
citronellol, and
geraniol, nerol,
sesquiterpenes
(>35%) including Bcaryophyllene and
germacrene D,
monoterpene
glycoside, volatile
aglycone, eugenyl
glucoside [Bissett,
1994], thymol,
carvacrol [Kedzia et
al., 1994]

Brand name: " Gaia

Herbs"

Other statements:

FPE C

Ingredients: volatile

oil of fresh lemon
balm, 40-50% grain
alcohol
Potency: fresh herb
strength of 1: 1 double
maceration
Dosage: 30-40 drops
in small amount of
water 3-4 times daily
between meals
Type: extract

Antibacterial [Hoffman, 1999], antifungal, digestive
gas, GI disorders, herpes sores, insomnia [Bissett,
1994; Foster, 1996]

Previous antimic1·obial studies:

•

MICc (µg/ml): E. coli (500) and S. aureus (100);
identified carvacrol and thymol in lemon balm
[Kedzia et al. , 1994].

Table 1-1. Continued.
Oenothera
biennis L.
Common
Name:
Evening
Primrose
Oil
Family:
Onagraceae

......

O'I

Part: herb,
seed oil

U.S.c: dietary
supplement
ARPA Botanical Safety
Rating: I
Safety concerns: minor
GI upset, headache,
allergies, and possible
nausea [Blumenthal et
al. , 1998; INR, 1999;
Newall et al ., 1996;), not
recommended for people
using epileptogenic
drugs (phenothiazines)
or individuals diagnosed
with schizophrenia (risk
of temporal lobe
epilepsy [Newall et al. ,
1996]

Essential fatty acids,
cis-linoleic acid (LA)
and Gamma linoleic
acid (GLA) [INR,
1999; Newall et al. ,
1996]

Brand name:
"Innovative Natural
Products®
Other statements:
250 mg GLA;
Advanced Liquid
Technology™
Ingredients: 1850
mg/tc Omega 6
linoleic acid, 250 mg/t
omega 6 gamma
linoleic acid, 170
mglf omega 9 oleic
acid, and 150 mglf
palmitic acid
Dosage: ½ f /De with
a tall glass of water
Type:oil

Anticoagulant, nutritive, demulcent, anti-eczema, antiinflammatory due to GLA: precursor of prostaglandin
E, used for hyper-cholesterolemia, psoriasis, multiple
sclerosis, asthma, diabetic neuropathy, alcoholism
(Newall et al ., 1996]

Table 1-1. Continued.
Oreganum
vulgare
Common
Name:
Oregano
Family:
Lamiaceae
or
labiaceae

......

-...J

Part: leaf

U.S. (.;: GRASC
ARPA Botanical Safety
Rating: 1
Safety concerns: Not
known

EOc: carvacrol ,
thymol , methyl 2methyl butyrate, a thujene, a -pinene,
camphene, p-pinene,
sabinene, myrcene,
a -phellandrene,
limonene, 1,8cineole, a -terpinene,
P-phellandrene,
terpinolene, 3octanol, l-octen-3-ol,
!rans-sabinene
hydrate, a -copaene,
linalool, cis-sabinene
hydrate, methyl ether,
aromadendrene, ahumulene, aterpineol, bomeol,
germacrene D, (E,Z)a -famesene, (E-E)-a famesene, 8cadinene, cis-a bisabolene, ycadinene,
caryophyllene oxide,
P-elemol, and
spathulenol [Thuker
& Maciarello,
1994 ], menthol,
anethole [Karapinar
and Aktug, 1987)

Brand name: "Now,"
Ingredients: I 00%
pure, undiluted,
highest grade available
essential oil
Type: essential oil

Flavoring agent used in foods : EO'-' 320 ppm in nonalcoholic beverages to 3 168 ppm in condiments and
relishes [Leung and Foster, 1996) , aromatherapy,
antibacterial, antifungal, antioxidant
Previous antimicrobial studies:
• EOc (250 µglml) was inhibitory to S. aureus, S.
Typhimurium, oregano EO did not affect P.
aeruginosa and was very effective against C.
j ejuni and C. sporogenes [Paster et al., 1990)
• MI Cc (%) of alcohol extract at pH 7 by paper disc
method: S. aureus (1.0), E. coli (<4.0), S.
Typhimurium (<4.0) [Ueda et al , 1982)
• MICc(µglml) of 10% ethanol extract of oregano:
C. botulinum (500) [Huhtanen, 1980)
Oregano
was inhibitory to E. coli O157 :H7 on
•
McConkey sorbitol agar at concentration of0.510% [Anonymous, 1998).
• Aureli et al. [1992) reported that oregano [zone:
~45 mm] and diluted oil with absolute ethanol
(1:50) [oregano: 15-45 mm) were inhibitory to L.
monocytogenes.
• Inoculated fresh fish fillets marinated in olive oil,
oregano, and lemon juice (pH 3 .9 and 4.0) under
MAPc conditions (40% CO2: 30% N2: 30% 0 2)
was inhibitory to spoilage microflora, S. Enteritidis
and S. aureus [Tassou et al. , 1996) . In this study
the combination of low pH, long-chain fatty acids
from the olive oil and MAPc may have been more
effective rather than addition of oregano.

Table 1-1. Continued.
Panax
ginseng
Common
Name:
Asian
ginseng
Family:
Araliaceae
Part: root

......
00

U.S.c: dietary
supplement
AHP A Botanical Safety
Rating: 2d,
contraindicated for
hypertension [McGuffin
et al , 1997]
Safety concerns: Red
ginseng processed by
steaming (more potent
than white ginseng) may
counteract with caffeine
or other stimulants,
contraindicated during
pregnancy, may interacts
with MAOf, use with
caution in the following
disorders: cardiac,
diabetes, hyper/
hypotensive, and steroid
therapy [Newall et al .,
1996]; reported GI
upsets, breast tenderness,
and menstrual problems
[Foster, 1996],
overdosing may cause
vomiting, decreased
sexual potency,
hemorrhage and may be
fatal [Duke, 1985]

Ginsenosides (2-3%)
or terpene saponins
including Rb 0, Rb1 ,
Rb2, Re, Rd, and Rg1
essential oil (0.05%)
including lirnonene,
terpineol, citral, and
polyacetylene
[Bissett, 1994],
peptides,
polysaccharides, and
antioxidants (maltol,
salicyclic acid, and
vanillic acid) [Huang,
1993]

Brand name: N/ A
Ingredients: Panax
ginseng extract, <16%
alcohol
Type: extract

Antioxidant, tonic [Huang, 1993], sedative, demulcent,
increases stamina, concentration, improves the healing
process [Newall et al., 1996], antiviral [Foster, 1996],
impotence, insomnia hypertension, longevity, malaria,
and etc. [Duke, 1985]

Table 1-1. Continued.
Piper

methysticum

Common
Name:

Kava Kava
Rhizome

Family:

Piperaceae

.....

\0

Part: root,
rizhome

U.S.c: dietary
supplement

ABP A Botanical Safety
Rating: 2d, operate

machinery with caution,
do not consume with
alcohol or barbiturates
and avoid exceeding the
recommended dose or
over 3 months [INR,
1999; McGuffin et al. ,
1997;]

Safety concerns:

contraindicated during
pregnancy and lactation,
endogenous depression,
mild Gl upset, long term
use may cause yellowing
of hair, skin, and nails
(temporary), allergic
reaction, reported
disturbances of
oculomotor equilibrium
[Blumenthal et al., 1998;
Leung and Foster, 1996]

Kavalactone (329%),
demethoxyangonin,
dihydrokavain,
yangonin, kava
pyrones (kavain or
kawain),
dihyromethysticin,
methysticin [Lebot,
1992; fNR, 1999]

Brand name: " Gaia
Herbs"

Other statements:
GBE C

Ingredients: 55%
grain alcohol, 10%
vegetable glycerine
Potency: 150.0 mg/ml
kavalacyones
Dosage: l 0 drops in
small amount of warm
waterffID d
between meals
Type: extract

Convalescence, fatigue, sedative, sleep enhancement,
problems with nervousness, anxiety , stress, and
restlessness [Blumenthal et al., 1998; Leung and
Foster, 1996], antibacterial and antimycotic [Leung and
Foster, 1996]

Table 1-1. Continued.
Scutellaria
laterijlora
Common
Name:
ScullcaQ
Family:
Lamiaceae
or
labiaceae
Part: herb
N
0

U.S. c: dietary
supplement
AHPA Botanical SafetJ
Rating: l
Safety concerns:
reported toxicity due to
adulteration or
preparation with
germander (hepatotoxic)
[Foster, 1996),
overdosing may cause
twitching of limbs,
confusion, stupor,
giddiness [Duke, 1985)

Essential oils
containing
sesquiterpene
(78.3%), which
includes, 8-cadinene,
calmenene, Pelemene, a.cubenene, and a.hymulene [Yaghmai,
1988)

Brand name: "Herbs
of Light"
Other statements:
Certified
organ.ic/wildcrafted
Ingredients: herb of
scullcap, 50% grain
spirits and distilled
Energized water™
Process: cold process
percolation/maceration
after grinding
Dosage: 20-400 drops
in water or juice Tille
before meals for 6
days, I day off, or as
directed by physician
Type: extract

Historically used to treat rabies, nerve tonic,
antibacterial, antiviral, hypertension, colds, fever, high
blood pressure, headache, and insomnia [Duke, 1985;
Foster, 1996)

Table 1-1. Continued.
Silybum
marianum
Common
Name:

Milk

Thistle
Family:
Asteraceae

U.S.c: dietary
supplement
AHPA Botanical Safety
Rating: 1
Safety concerns:
antagonist in liver
damage cases, no known
contraindications or side
effects, mild laxative
effect [Bissett, 1994;
Blumenthal et al., 1998)

Flavolignan or
silymarin (1.53%),which include
silibinin, silydianin,
and silychristin
[Bissett, 1994;
Blumenthal et al.,
1998; Hoffman,
1999), silandrin,
silymonin,
silyhermin, and
neosilyherrnin
[Hoffman, 1999)

U.S.c: dietary
supplement
AHP A Botanical Safety
Rating: 1
Safety concerns: use
with caution, minor GI
upsets [Foster, 1996],
not recommended for
use[Farr, 1999) nausea,
vomiting, similar
structure (lapachol) to
Vit.c K [Duke, 1985)

Quinone, lapachol
[Foster, 1996)

Part: seed
N
......

Tabebuia
impetiginosa
Common
Name:
Pau d ' arco
Family:
Bignoniaceae
Part: bark

Brand name: "Herbs
of Light"
Other statements:
Certified
organic/wildcrafted
Ingredients: seeds·of
milk thistle, 50% grain
spirits and distilled
Energized waterrM
Process: cold process
percolation/maceration
after grinding
Dosage: 20-30 drops
in water or juice TIDc
before meals for 6
days, 1 day off, or as
directed by physician
Type: extract
Brand name: "Now"
Other statements: do
not use during
pregnancy unless
recommended by your
health practitioner
Ingredients: Pau d'
arco, distilled water,
20% vegetable
glycerine and 20%
grain alcohol)
Dosage: 1-2 drops in
tea or water 1-3 times
daily

Hepatoprotective, anti-hepatotoxic, and antioxidant
[Bissett, 1994; Blumenthal et al. , 1998)

Unconfirmed anticarcinogenic, antimutagenic
properties [Foster, 1996], anti-malarial in animals may
be due to lapachol, which is active against Gram
negative microorganisms, acid-fast bacteria, and fungi
[Duke, 1985)

Table 1-1. Continued.
Thymus
capitatus
or Thymus
mastichina
Common
Name:
Marioram
(Sganish)
or Sganish
Origanmn

N
N

Family:
Lamiaceae
or
labiaceae
Part:
flowering
too

u.s.c: GRASC
AHP A Botanical Safety
Rating: I
Safety concerns: Not
known

Spanish essential oil
contains 60-75%
phenols: carvacrol
(13-74%) and thymol
(1-39%) as reported
in Leung and Foster
[ 1996]

Brand name: "Now"
Ingredients: 100%
pure, undiluted,
highest grade available
essential oil of Thymus
mastichina
Type: essential oil

Flavoring agent, antimicrobial, antioxidant [Hirasa and
Takemasa, 1999]
Previous antimicrobial studies:
• Not inhibitory toward L. monocytogenes by paper
disc diffusion method [Aureli et al. , 1992]
• Marjoram EOc (variety not known) bacteriocidal
concentration(%): > l against E. coli, S.
enteritidis, and C. jejuni; 0.25 against L.
monocy togenes and S. aureus when bacteria failed
to grow after 10 µl samples were plating [SmithPalmer et al. , 1998].
• MI Cc (%) of alcohol extract at pH 7 by paper disc
method: S. aureus (4.0), E. coli (<4.0), S.
Typhimurium (<4.0) [Ueda et al ., 1982]
• MICc (%) of hexane extract: E. coli, Salmonella
spp. and Campylobacter spp. (> 10), S. aureus and
B. cereus (10) [adapted from Hirasa and
Takemasa, 1998]

Table 1-1. Continued.
Thymus
Vulgaris

Common
Name:

Thyme

Family:

Lamiaceae
or
Labiaceae

Part: herb

N

w

U.S. '-': GRAS'-'
AHPA Botanical Safety
Rating: I
Safety concerns: not
known

Thymol (30-70%),
carvacol (3-15%),
1,8-cineole, bomeol,
geraniol, linalool,
bomyl, linalyl
acetate, thymol
methyl etherand a.pinene, a.-thujone,
camphene, l-octen-3ol, myrcene, a.terpinene, p-cymene,
1,8-cineol, yterpinene, camphor,
bomeol, terpinen-4ol, apigenin, luteolin,
thymonin,
naringenin, labiatic
acid, caffeic acid,
tannins, [Hoffman,
1999; Marino et al. ,
1999], quercetin,
eriodictyol, 5,6,4' trihydryoxy-7,8,3 ' trimethyoxyflavone,
and cirsilineol
[Morimitsu et al. ,
1995]

Brand name: "Now"
Ingredients: 100%

pure, undiluted,
highest grade available
essential oil
Type: essential oil

Hepatoprotective, antioxidant, bronchitis, asthma,
expectorant, antibacterial [Bissett, 1994; Hoffinan, 1999]

Previous antimicrobial studies:

•
•

•

•
•

•
•

•
•

Thyme (powered & ethanol) at 1000 ppm inhibited
S. Typhimurium, S. aureus, V. parahaemolyticus
[Aktung and Karpinar, 1986].
MICc of thyme to S. aureus, E.coli and S.
Typhimurium: 1%-4% by paper disc method
[Ueda et al. , 1982]
S. aureus, most resistant & E. coli O157 :H7, least
resistant species by several varieties of thyme;
thyme oil (400 & 800 ppm) inhibited 85-100% of
all pathogens; 0-78% of species were recovered
after incubation for 18-24 hours in egg emulsion
medium [Marino et al., 1999]
Thyme EOc(350 µg/ml), inhibitory to S. aureus,
C. jejuni, and S. Typhimurium [Paster et al., 1990]
E. coli & S. aureus were inhibited by thyme EOc:
750 and 500 µg, respectively [Farag et al., 1989].
Listeria was inhibited (zone: <45 mm) by thyme
EOc (undiluted); application of 100 µI thyme EO
to 500g of minced pork resulted in 2 log reduction
of listeria, after 1 week at 4°C [Aurelli et al. 1992].
MBCc thyme EOc: 0.075% against C. jejuni, S.
Enteritidis, E. coli, S. aureus, and L.
monocytogenes [Smith-Palmer et al., 1998]
Thyme, weakly inhibited E. coli O157:H7, while
oregano, garlic, cinnamon, clove and sage were
strongly inhibitory on McConkey sorbitol agar
containing 0.5-10% spices [Anonymous, 1998].
MI Cc (µg/ml) of I 0% ethanol extract of thyme: C.
botulinum (500) [Huhtanen, 1980]

Table 1-1. Continued.
Vaccinium
macrocarpon
Common
name:
Cranbem
Family:
Ericaceae
Part: fruit

U.S.c: food , dietary
supplement
AHP A Botanical Safety
Rating: Not rated
Safety concerns: not
known, large dosage
may result in diarrhea
and other GI problems
[Liberti, 1994]

Anthocyanins,
flavonol glycosides
(leptosine), catechin,
triterpenoids, citric,
malic and quinic acid
[Liberti, 1994] ,
benzoic acid,
proanthocyanidins,
flavonol [Manvan
and Nagel, 1986a]
including myricetin,
quercetin, myricetin3-digalactoside,
myricetin-3arabinoside,
quercetin -3galactoside,
quercetin-3rhamnoside,
quercetin-3arabinoside [Lees and
Francis, 1971 l

Brand name: "Gaia
Herbs"
Other statements:
GBE
Ingredients: 25%
grain alcohol, 10%
vegetable glycerine
Potency: 75 mg/ml
anthocyanins
Dosage: 30 drops
Tille
Type: extract

Anticancer, antibacterial, antiviral, antifungal,
antitumor, immunostimulant, anti-adhesion to the
mucous membranes infections [Leung and Foster,
1996]
Previous antimicrobial studies:
• Antimicrobial compounds in cranberries include
benzoic acid, cyanidins, flavonols, and
proanthocyanidins [Manvan and Nagel, 1986) .
• Vacciniin (220 ppm in cranberries) and benzoic
acid (70 ppm in cranberries) were not inhibitory to
S. aureus [Manvan and Nagel, 1986b].
• Proanthocyanidin extracts from cranberry inhibits
the adherence of P-fimbriated E. coli to epithelial
cells from the lining of the urinary tract [Howell,
1998).

Table 1-1. Continued.
Vacci11ium
myrtillus

Common
name:

Bilberry

Family:

Ericaceae

Part: leaf
N

V,

U.S. <.; : dietary
supplement

AHPA Botanical Safety
Rating: 4
Safety concerns: limited

toxicological evaluation
[McGuffin et al., 1997],
no known
contraindications, side
effects, or drug
interactions [Blumenthal
et al., 1998], Myrtilli
extract was mutagenic in
the Ames test, which
may be due to quercetin
[Schimmer, 1994]

Anthocyanins
(standardized to 2536%), flavonoid
glycosides, quercetin,
phenol-carboxylic
acids, and iridoids,
catechol tannins
leucoanthocyans,
[Bissett, 1994; Leung
and Foster, 1996]

Brand name: "Herbs

of Light"

Other statements:

Certified
organic/wildcrafted
Ingredients: seeds
and leaf of Bilberry,
60% grain spirits and
distilled Energized
water™
Process: cold process
percolation/maceration
after grinding
Dosage: 20-30 drops
in water or juice TIDc
before meals for 6
days, 1 day off, or as
directed by physician
Type: extract

Astringent, hypoglycemic, vasoprotective [Leung and
Foster, 1996], anti-inflammatory, protect against
atheroscleorosis, hemorroids, and varicose veins
[Foster, 1996]

Previous antimicrobial studies:

•

Not effective against E. coli [Holopainen et al. ,
1989]

Table 1-1. Continued.
Valeritma
officinalis

Common
Name:
Valerian
root

Family:

Valerianaceae

Part: root
N

0\

U.S.c: GRASc , dietary
supplement

AHPA Botanical Safety
Rating: 1
Safety concerns:

Reported toxicity and
mutagenicity of
valepotriates [Leung and
Foster, 1996], No longer
contain the thermolabile
and chemically unstable
valepotriates (epoxiirridoid esters
[Blumenthal et al., 1998;
Husain, 1998]

Essential oils with
monoterpenes and
sesquiterpenes
(valerenic acids)
[Blumenthal et al.,
1998; Newall et al.,
1996]

Other notes: a.-

methylpyryl ketone
my be a narcotic
[Duke, 1985),
valerpotrates,
baldrinal and
homobaldrinal from
valerianaceae are
mutagenic [von der
Hude et al., 19861

Brand name: "Gaia
Herbs"

Sedative, anticonvulsive, antibacterial,[Blumenthal et
al. , 1998], hypnotic tranquilizer [Husain, 1998]

GBE

•

Other statements:

Ingredients: 40%

grain alcohol, 10%
vegetable glycerine
Potency: 0.9 mg/ml
valerenic acid
Dosage: 30 drops in
small amount of warm
water twice before
sleep (one hour apart)
as needed

Previous antimicrobial studies:

Antibacterial against Gram- due to the presence
of alkaloids [Leung and Foster, 1996]

Table 1-1. Continued.
A American Herbal Products Association (AHP A) [McGuffin et al. , 1997] : Class 1: safe when used appropriately; Class 2: 2a)
external use only, 2b) not to be used during pregnancy without expert qualified supervision, 2c) not to be used during nursing, 2d:
other specific use restrictions, as noted; Class 3: significant data to recommend the labeling: " to be used under the supervision of an
expert qualified in t11e appropriate use of this substance," including dosage, contraindications, potential adverse effects, drug
interactions, and ot11er relevant safety information; Class 4: insufficient data available for classification

8

Information available from the label of the product used for tltls research

c Abbreviations: BID : twice daily; D: daily; EO: essential oil; FPE: "Fresh plant Extract: highly concentrated, fresh herbs, nonirradiated, certified organic, ecologically wildcrafted; GBE: Guaranteed Bio-Extractive™ from Gaia: "standardized levels ofbioN
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active constituents, highly concentrated full spectrum extracts, greater therapeutic activity, reduced alcohol, HPLC analytical testing
confirms levels of bio-activity, certified organic, ecologically wildcrafted"; GRAS: "generally recognized as safe" under 21 CFR
182.20; IV: intravenous; MAO inhibitor: monoamine oxidase inhibitors, which disrupt enzymes that breakdown neurotransmitters;
MAP: modified atmosphere packaging; MBC: minimum bacterial concentration; MIC: minimum inhibitory concentration; SSRis:
Selective serotonin re-uptake inhibitors which include prescription antidepressant drugs [INR, 1999]; TID : 3 times daily; t: teaspoon;
T : tablespoon; vit.: vitamin; RT: room temperature; U.S.: The United States of America
D Literature search was lintlted to the antintlcrobial efficacy of herbal extracts against specific ntlcroorganisms: S. aureus, S.
Typhimurium, C. sporogenes, C. botulinum, E. coli, E. coli O 157:H7, C. jejuni, L. monocytogenes, and B. cereus.

remedies cannot claim to prevent or treat disease. Therefore, the FDA has classified
herbal medicines as dietary supplements (Vetter, 1996). Traditionally, a combination of
one or more essential nutrients such as vitamins, minerals and proteins are called dietary
supplements (Kurtzweil, 1999). The Dietary Supplement Health and Education Act
(DSHEA) of 1994 broadened the definition of dietary supplement by including any
product intended for ingestion as supplement to the diet such as herbs, or similar
nutritional substances (FDA, 1995). Under Food Drug and Cosmetics Act (FDCA) Sec.
201 (f), dietary supplements are defined as "food" ... (1) articles used for food or drink for
man or other animal, (2) chewing gum, and (3) articles used for components of any other
such article (Vetter, 1996)." According to FDCA, a dietary substance is considered either
GRAS, a food additive (not GRAS) or having prior sanction status. Effective in March
1999, based on the recommendation of the Presidential Commission on Dietary
Supplement Labels, dietary supplements require a new label similar to "Nutrition Facts"
which are called " Supplement Facts"(Camire and Kantor, 1999; Farr, 1999; Kurtzweil,
1999).
Functional foods that are classified as GRAS or additives with specified usage
must be based on scientific evidence (O'Donnell, 1998). Flavoring agents such as herbal
extracts are reviewed by Flavor & Extract Manufacturers Association (FEMA) and have
FEMA GRAS status. FEMA GRAS substances originated from an original list of GRAS
flavors and food additives by FEMA expert panel in 1960 that evaluated 1100
components which were categorized as no further action, food, GRAS, and food additive
(Bauer, 1999). Herbal ingredients such as echinacea (immunostimulant) added to foods
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fall under the "gray area" ofregulations (O 'Donnell, 1998). In April 1998, the FDA
proposed regulations to differentiate disease claims and structure-function claims with the
guidance of the President' s Commission on Dietary Supplement Labels (Kurtzweil,
1999). As a marketing tool, health claims provide consumers with healthful information
to reduce the risk of disease (Kurtzweil, 1998b). However, health claims can be
misleading and need to be addressed specifically and directly. In addition to new
labeling, the FDA' s new proposals to consider disease claims are included as follows :
•
•
•
•
•
•
•
•

Naming of specific disease or class of diseases
Scientific terms which describes the product' s effect on signs or symptoms
Recognized by consumers and health care professionals
Product name and statements regarding product formulation
Citations or references, referring to disease
The use of the words "disease" or "diseased"
Symbols and pictures, and
Statement regarding substitution for an approved therapy (Kurtzweil, 1999).

In January 2000, FDA finalized a new rule under 21 CFR Part 101 by defining
types of claims regarding the efficacy of dietary supplements and establishing criteria for
structure/function claims (FDA, 2000a). Effective February 7, 2000, any statement that
claims to diagnose, cure, mitigate, treat, or prevent disease requires prior approval as
drug claims. This rule expands the allowable structure/function claims regarding
common conditions associated with aging, menopause, and adolescence that are not
related to disease. Structure/function claims associated with pregnancy are not currently
advised by the FDA (HHS News, 2000).
Under OSHEA, the manufacturer must notify the FDA within 30 days of
marketing the supplement with structure/function claims (O'Donnell, 1998).
Conventional foods can make structure/function claims without applying OSHEA, while
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the claim applies to the nutritional value of foods. Functional foods add great benefits to
food by increasing the nutritional value.
The FDA traditionally considered dietary supplements to be composed of only
essential nutrients, such as vitamins, minerals, and proteins. Through the OSHEA,
Congress expanded the meaning of the term "dietary supplements" beyond essential
nutrients to include such substances as ginseng, garlic, fish oils, psyllium, enzymes,
glandulars, and mixtures of these. The DSHEA established a formal definition of
"dietary supplement" using several criteria (Kurtzweil, 1999). Dietary supplements in the
form of pill, capsule, tablet, liquid, concentrate, metabolite, constituent extract or
combination can be used to improve health. However, it should not be used as the sole
item of diet like conventional foods. Dietary supplements also include new drugs or
certified antibiotics before approval, certification or license except when waived by the
Secretary of Health and Human Services.
The FDA generally requires the manufacturers of dietary supplements that do not
make disease related structure/function claims to ensure product safety, which is less
strict than regulating food additives or drugs (Kurtzweil, 1999). Dietary supplements
marketed before 1994 are considered safe. However prior to 1994, 75 days prior to
marketing new supplements, manufacturers must provide safety information as a letter to
the Secretary of Health and Human Services. Another option is to petition the FDA to
establish reasonable expected safety conditions regarding the new dietary ingredient. In
contrast, food additives (not GRAS) must be based on safety studies and to be reviewed
by the FDA before being marketed. Once marketed, it is the FDA's responsibility to
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prove the safety risks of the dietary supplement, before restricting the product's use.
When used according to the product's labeling, a new ingredient is considered safe when
it does not possess an umeasonable risk of illness or injury. This regulation is vague and
requires stricter laws to eliminate hazards associated with the use of herbal supplements.
Drugs that are derived from plants (traditional medicines) that are used to
diagnose, cure, mitigate, treat, or prevent disease require authorization from the F~A.
The safety, effectiveness, and interaction of drugs (prescription and non-prescription)
must be proven before marketing (Kurtzweil, 1999). The FDA has issued warnings about
the risk of drug interactions with St. John ' s wort and Indinavir (for HIV infections) and
other drugs (FDA, 2000b). According to DSHEA, FDA places less priority to review of
dietary supplements compared to other products such as drugs or food additives. This
approach puts more pressure on the consumer, retail, and the manufacturer to ensure the
safety and the truthfulness of label claims.
In July 1997, members of the Presidential Commission on Dietary Supplement
Labels recommended changes to the labeling claims of dietary supplements (Farr, 1999).
Although the FDA oversees safety, manufacturing and product information, the Federal
Trade Commission regulates the advertising of the dietary supplements (Kurtzweil,
1999). The health benefits of supplements, based on substantiated and scientific claims
are made available to consumers in the form of inserts and labels. The requirements for
the new labels are listed in Table 1-2.
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Table 1-2. New labeling requirements for dietary supplements, effective March 23,
1999 (Kurtzweil, 1998a)
•
•
•
•
•
•
•

Statement of identity
Net quantity of contents
Structure-function claim
Directions
Supplement Facts Panel
Other ingredients in descending order of predominance and by common name or proprietary
blend
Name and place of business of manufacturer, packer or distributor for product information.

Bacterial Pathogens of Concern
Several foodborne pathogens are known to cause illness. Control and prevention
of Campylobacter jejuni, Salmonella spp., Escherichia coli O157 :H7, Listeria

monocytogenes, Staphylococcus aureus, Clostridium botulinum, and Bacillus cereus are
considered high priority by the CDC (Mead et al. , 1999).

Campylobacter jejuni is a Gram-negative slender, curved, and motile rod that is
microaerophilic and requires 3.5% oxygen, 2-10% carbon dioxide, and 85% nitrogen
(Jay, 1996; Bad Bug Book, 1999). Optimum growth conditions of 42-4 7°C with pH of
6.5-7.5 are favored . C. jejuni does not produce a heat-labile toxin. Isolation of C. jejuni
from food is very difficult due to low cell concentrations and lack of optimum
environmental conditions. C. jejuni is isolated from healthy cattle, poultry, flies, nonchlorinated water, and soil (Jay, 1996). As an important enteric pathogen, C.jejuni is the
number one cause of diarrheal infections in the United States (Bad Bug Book, 1999). It
has also been known to cause abortion and enteritis in sheep and cattle. With an infective
dose of 400-500 cells, campylobacteriosis is known to occur more frequently than
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combined diseases shigellosis and Salmonellosis. Campylobacter infections are the cause
of over 50% of the gastroenteritis cases (Bad Bug Book, 1999). An incubation period of
2-5 days with illness lasting 7-10 days and symptoms of watery, sticky, or bloody
diarrhea, fever, abdominal pain, nausea, headache and muscle pain are common among
C. j ejuni infections.
Salmonella, one of the first recognized foodbome pathogens, is a Gram-negative,
non-sporeforming rod with over 2000 serotypes (Jay, 1996). Salmonella grows at
temperatures of 7-48°C and 7-8% salt. Salmonella spp. infections with 2-4 million cases
annually, are the second leading cause of foodbome infections in the United States (Bad
Bug Book, 1999). Salmonellosis can occur with onset time of 6-48 hours and symptoms
of nausea, vomiting, abdominal pain, diarrhea, fever, headache and arthritic symptoms
(chronic), that can last up to 2 days or may cause death. As few as 15-20 cells are needed
to cause salmonellosis. Environmental sources such as water, soil, kitchen surfaces, and
feces are also associated with Salmonella. Foods associated with Salmonella spp. include
raw meats, poultry, eggs, dairy products, seafood and high fat products such as creamfilled desserts or chocolate. Therefore, proper sanitation and adequate cooking need to be
enforced to prevent Salmonella spp. infections.
E. coli O157 :H7 is a non-sporeforming, facultatively anaerobic rod, which
produces potent toxins that causes hemolytic uremic syndrome and hemorrhagic colitis
(Jay, 1996). It can tolerate low pH (3 .7-3.9) and high salt content (:2:8.5%) with growth
and toxin production at 12-44.5°C. Major habitats for E. coli 0157 : H7 are feces, water,
and food. E. coli 015 7: H7 has been isolated from raw poultry, beef, fish, lamb, and
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milk (Doyle and Schoeni, 1987; Jay, 1996). The infective dose is unknown, but is similar
to Shigella spp. [IO organisms] (Bad Bug Book, 1999).
Listeria monocytogenes is a Gram positive, non-sporeforming, motile rod with a

growth range of3-45°C and pH of 4.1-9.6 (Jay, 1996). With its wide growth range, it is a
hazardous pathogen from soil that affects refrigerated products. L. monocytogenes may
causes a range of symptoms from mild flu-like symptoms to spontaneous abortion during
the 2nd or 3 rd trimester and may be fatal. According to the 1987 incidence data from
CDC, 1600 cases oflisteriosis and 415 deaths are reported annually (Bad Bug Book,
1999). Its infective dose varies with the strain and susceptibility of the patient. However,
it can be destroyed by pasteurization based on a temperature and temperature relationship
in milk.
Staphylococcus aureus is Gram-positive, clustered cocci that produces heat-stable

enterotoxin (Bad Bug Book, 1999). With a toxin dose of I .0 microgram and S. aureus
population, exceeding 100,000 per gram, human intoxication is common. Rapid onset
and acute symptoms of severe nausea, vomiting, muscle cramping, and prostration for up
to three days are the major symptoms of S. aureus poisoning. Time and temperature
control of food is very important in preventing staphylococcal food poisoning. Food
mishandling and post-processing contamination are common causes of S. aureus growth
in food products such as meat, poultry and seafood products, salads, cream pies, and
melon. It is also found in air, dust, sewage, water, equipment, surfaces, animals, and
humans, especially from the nasal passage. Good manufacturing practices and
antimicrobials play important roles in preventing the S. aureus infections.
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C/ostridium sporogenes, is an anaerobic Gram-positive sporeforming rod, with

biochemical and physiological characteristics similar to C. botulinum with optimum
growth at 37-45°C (Bad Bug Book, 1999; Jay, 1996). It occurs in soil and in the
intestines of humans. The heat-resistant spores persist in soil and can survive and grow
in food in the absence of oxygen. Several outbreaks of C. botulinum intoxication have
occurred with consumption of herb-flavored oils and under-processed canned foods (Jay,
1996; La Grange Loving, 1998). C. botulinum produces a neurotoxin that can be
destroyed by heating at 80°C for longer than 10 minutes. Proper processing, time and
temperature of low acid canned food products are important parameters in preventing C.
botulinum intoxication.
B. cereus is a Gram positive, facultatively aerobic sporeformer which causes two

types of food poisoning, diarrheal and vomiting type (Bad Bug Book, 1999). The
diarrheal type mimics symptoms of C. per.fringens, with watery diarrhea, and abdominal
cramps which occurs 6-15 hours after consumption. The vomiting type (emetic) is
similar to S. aureus foodborne intoxication, which occurs within 0.5-6 hours after
consumption and may last up to 24 hours. B. cereus intoxication (>log 6 organisms/g) is
usually a result of consuming cooked foods such as meats, milk, fish, vegetables, starch
foods like sauces, pudding, rice, and soups which have been temperature abused.

Mutagenicity of Herbs
Mutation refers to the mistakes associated with chromosomal sequencing of the
DNA. These genetic mistakes are potentially cancer causing (Maron and Ames, 1984).
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Epidemiological investigations suggest that some chemicals causing mistakes in DNA
sequencing may cause cancer related to the diet (Nagao, 1985; Zimmermann, 1985).
Approximately 83% of the chemicals, which tested positive in the Ames test have
been confirmed as carcinogens (Maron and Ames, 1983). Dr. Bruce Ames developed a
rapid method of detecting mutagens, utilizing a bacterial test system with the histidine
negative (his-) strains of Salmonella Typhimurium in the early 1970s (Maron and Ames,
1983). The Ames test detects base pair or entire pair {TA 97a, TA 100} and frameshift
or entire group {TA 97 a and TA 98} mutations that can cause serious mistakes in DNA
sequencing. Base pair mutagen such as hisG46 mutation in TA 100 substitutes proline
for leucine. Frameshift mutagens stabilize the shifted pairing of DNA sequences or "hot
spots." Lipopolysaccharides (LPS-) are removed from some strains (TA 97a, TA 98, and
TA 100) to increase the penetration to the genome, which is referred to as ifa (deep rough
character) mutation. Tester strains TA 97, TA 98, and TA I 00, which are deficient in
DNA excision repair system (DNA R-) are referred to as uvrB gene deletion. These
strains extend through the bio gene, which require biotin for growth except for the wild
type, TA 102. This strain does not have the uvrB mutation (no biotin required) and is
used to detect mutagens requiring an intact deletion excision repair system. The standard
tester strains (TA 97, TA 98, TA 100, and TA 102) also contain an R-Factor plasmid
pKMIOl that increases mutagenesis due to an error-prone DNA repair system normally
present in the tester strains (McCann et al., 1975b; Walker and Dobson, 1979).
Therefore, his-, LPS-, and DNA R- are genetically modified to detect specific base pair
or frameshift mutations through reverse mutation. Naturally occurring histidine in herbs
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and spices may affect the outcome of the mutagenicity assays (false positives), since
histidine is required by Ames tester strains. According to Xue-jun (1991), it did not
affect their findings in testing 102 herbs. Morimoto ( 1982) also supported this
conclusion since herbs may contain very low concentrations of histidine that should not
cause false positive results. Since the bacterial test strains cannot metabolize mutagenic
xenobiotics, microsomal enzymes from a liver homogenate (S-9) and/or ~glucosidase
enzyme, which are activated in the gut, are used in the Ames test. Since the development
of Ames test, many mutagenic and carcinogenic compounds have been detected.
Identified mutagens in plants include pyrrolizidine alkaloids, flavonoids,
aristolochic acid I, phorbol esters, methylated polyphenols, catechol, resorcinol, caffeic
acid, trihydroxylated phenols (pyrogallol and gallic acid), anthraquionones, quercetin,
hydrazines, and mycotoxins (Farnsworth, 1998; Knudsen, 1982). Since many of these
compounds are naturally abundant in plants and may also have beneficial health effects,
extensive research is required to identify their safety. Due to its sensitivity and
usefulnes s, the Ames test has been used to detect numerous potentially carcinogenic
compounds. Therefore, it was selected for our study to determine the mutagenicity of
herbal extracts.
Due to the availability of the Ames test, many mutagens in the food supply have
been detected. Foods like grilled fish or meat, soy sauce, and coffee have been associated
with mutagenicity (Knudson, 1982; Nagao, 1985). The mutagen precursors in soy sauce
for example can be converted into nitroso compounds, which are possible carcinogens
(tumor formation) . Methanol extracts of spices such as sumac, dill weed, thyme, pot-

37

pouni, oregano, bay leaves, and marjoram were mutagenic when tested against TA 100
or TA 98 with S9 mix (Nagao, 1985). Quercetin 3-sulphate and isorhamnetin 3-sulphate
are mutagenic compounds found in dill weed. Galangin and quercetin from oregano may
be antimutagens against a dietary carcinogen Trp-P-2 (Kanazawa et al. , 1995), where a
decrease in the number of revertants was observed. This may also be due to toxicity and
antimicrobial properties of oregano. Luteolin from peppermint, sage, and thyme have
been identified as antimutagens against carcinogen, Trp-2 in the Ames test (Samejima et
al. , 1995). Safrrole and beta-asarone are mutagenic in the Ames test (Knudsen, 1982).

Microbiology of Fresh Chicken
Chicken meat is composed of 71 % water, 20% protein, 7% fat and less than 1%
carbohydrate (Jay, 1996). Contamination and spoilage of fresh chicken occur initially at
the surface (Jay, 1996). Fresh chicken, under aerobic packaging conditions has a
refrigerated shelflife of 6-9 days (Acton and Dawson, 1999). Vacuum packaging may
extend the shelf life by an additional 2-3 days. Whole chicken broilers with initial APC
of 4.7 CFU/cm2 had a shelflife of9.6 days at 4°C, which was significantly different from
6 and 4.4 days at 7 and 10°C, respectively (Al-Mohizea et al ., 1994). Contamination and
spoilage of fresh chicken has been associated with bacteria producing odoriferous sulfur
compounds (Russell, 1996). In addition, spoilage of poultry occurs with off odors,
followed by sliminess, and at log 7.2-8.0 CFU/cm2 (Jay 1996). According to Brune and
2

Cunnigham (1971), fresh poultry are associated with initial APC oflog 4-5 CFU/cm and
defined spoilage at log 7-9 CFU/cm2 . Microorganisms known to cause spoilage in
chicken are generally mesophilic (35 °C) and psychrotrophic (4°C) bacteria that can
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multiply rapidly at 20-30°C and grow at 4°C (Russell et al. , 1996). The most common
psychrotrophic spoilage bacteria in refrigerated fresh poultry are Pseudomonas and
Acinetobacter, which are known to originate from the feather and feet of the bird; water
supply, chill tank, and processing equipment (Russell et al. , 1996). Pseudomonas
fluorescens, in particular, can grow at temperatures of 4-32°C and is a major problem in
refrigerated high protein products such as meats (Jay, 1996). A study, cited in Jay (1996)
investigated 5920 isolates from poultry and found 30.5% of the microflora to be
Pseudomonas spp. , of which 61. 8% fluoresced on King's medium (Pseudomonas
fluorescens) . Other reported spoilage microorganisms in fresh chicken include
Flavobacterium, Corynebacterium, Alkaligenes, Aeromonas, yeast, and other bacteria. In
vacuum packaged products, the number of Psuedomonas spp. increases by increasing
film permeability to oxygen since Pseudomonas spp. is an obligate aerobe.
Pathogens such as Salmonella and Campylobacter spp. are found in the intestines
of healthy birds before processing (Jay, 1996). The Nurmi Exclusion Concept of
introducing exclusion bacteria into the intestines of chicks from the mother has greatly
reduced the Salmonella colonization (Jay, 1996). However, it does not eliminate
Campylobacter spp. or the entire 2000 serotypes of Salmonella spp ..

Purpose of Our Investigation
The herbs described in Table 1-1 include some of the most popular nutritional
supplements taken by millions of people annually, even though their safety and efficacy
are pending due to limited and contradictory scientific evidence. Our study will pioneer
the combined safety and antimicrobial efficacy by detecting mutagenic properties of
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these popular herbs in combination with the antimicrobial activity in food systems. The
objectives of this study are:
•

To investigate the antimicrobial efficacy and verify the antimicrobial claims
of popular commercial herbal extracts:
To determine inhibitory effect and lethal dosage of herbs to pathogenic bacteria,
To investigate the antimicrobial efficacy of herbal extracts to spoilage and
pathogenic microorganisms including S. Typhimurium, C. jejuni, E. coli
0157:H7, and L. monocytogenes in marinated chicken,

•

To evaluate the mutagenicity of antimicrobial and popular commercial
herbal extracts utilizing the Ames test
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Part 2: Antimicrobial and Toxicological Characteristics of
Commercial Herbal Extracts
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Abstract
Herbal medicines have been used to preserve foods and treat disease for centuries.
The demand for minimally-processed food and "nutraceuticals" has created a market for
natural antimicrobials. Although regulated as food, limited research is available to verify
the safety and antimicrobial efficacy of herbal extracts. Our objective was to evaluate the
antimicrobial and mutagenic activities of commercial herbal nutraceuticals. Essential oils
and/or herbal extracts of bilberry, black cohosh, cranberry, evening primrose oil, flax
seed, garlic, ginko, ginseng, goldenseal, gotu kola, grapefruit oil, grapefruit seed (GSE),
kava-kava, lemon balm, marjoram, milk thistle, oregano, pau d'arco, skullcap,
Hypericum, thyme, and valerian were evaluated for antimicrobial activity by the disc agar
diffusion method. Mutagenicity of selected herbs was determined by the Ames test. The
mutagenicity ratio (MR) was calculated based on # revertants/plate as compared to
control (MR > 2.0 = strongly mutagenic). The minimum lethal concentration (MLC) was
evaluated by the tube dilution method to determine toxicity prior to mutagenicity assay.
The most effective antimicrobial herbs were oregano (zone: 37-87mm, MLC: <200-3125
ppm), thyme (zone: 42-87mm, MLC : 200-1563ppm), and GSE (zone: 15-66mm, MLC :
200-6250ppm). Bilberry, flaxseed, milk thistle, pau d' arco, and scullcap were the least
effective antimicrobial herbs against all bacterial pathogens. Hypericum, ginko, and
goldenseal were strongly mutagenic (Average MR= 4.6, 3.4, and 2.1, respectively).
Black cohosh, cranberry, gotu kola, GSE, kava kava, pau d'arco, marjoram, oregano, and
valerian showed various degrees of weak mutagenicity. Selected herbal extracts had
potent antimicrobial properties. Therefore, they may be used as potential alternatives or
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supplements to chemical preservatives. The mutagenicity data show that some frequently
used herbs may also be strong mutagens and thus potential carcinogens. Further genetic
toxicology testing is warranted for concentrated herbal extracts such as Hypericum,
ginko, and goldenseal due to their growing popularity and mutagenicity in the Ames test.
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Introduction
The market demand for non-traditional methods of food preservation and natural
medicine has challenged the food industry to produce "natural" foods without chemical
preservatives. Investigation of "natural" methods to produce safe food with high quality
standards has increased (Gould, 1996).
The antimicrobial efficacy of herbs and spices has been claimed for centuries
(Conner, 1993 ; Jay, 1996). The essential oils contribute to the flavor of herbs and spices
and may also include the antimicrobial compounds (Conner, 1993). The essential oils,
organic acids and phenolic compounds abundant in herbs and spices have been
investigated for antimicrobial properties (Gould, 1996). Essential oils are low molecular
weight volatile compounds such as esters, aldehydes, ketones, and terpenes, which
contribute to flavor, antioxidant, and antimicrobial properties (Conner, 1993; Gould,
1996). The essential oils are obtained by steam distillation or solvent extraction. The
phenolic compounds from plant sources, which have been identified as antimicrobials
include caffeic, cinnamic, ferulic, gallic acid; oleuropein, cravacol, thymol, and eugenol
(Gould, 1996). Organic acids from plants such as benzoic, sorbic, acetic, and citric acids
are used as preservatives or acidulants. According to Wilkins and Board (1989), over
1,340 plants may have potential antimicrobial properties. The antimicrobial efficacy of
garlic, onions, cinnamon, cloves, oregano, and thyme has been reported (Conner, 1993 ;
Gould, 1996; Hirasa and Takemasa, 1998; Nakatani, 1994).
Many studies have reported minimum inhibitory concentration (MIC) of herbs
against foodbome microorganisms in culture media (Gould, 1996). However, few have
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investigated the minimum lethal concentration (MLC) of bacterial pathogens by herbal
preparations.
The popularity and increased sales of herbal medicine have increased safety
concerns from a scientific standpoint. Epidemiological investigations have linked
chemicals that cause genetic mistakes in DNA sequencing to dietary constituents (Nagao
et al. , 1985; Zimmermann, 1985). Naturally occurring compounds from food sources
may cause damage to DNA, which is a major cause of cancer and other diseases (Ames,
1979). Mutagenic compounds strongly contribute to tumor formation, whether malignant
or benign. The following mutagens have been identified from botanicals: pyrrolizidine
alkaloids, flavonoids, aristolochic acid I, phorbol esters, methylated polyphenols,
catechol, resorcinol, caffeic acid, trihydroxylated phenols (pyrogallol and gallic acid),
anthraquionones, quercetin, hydrazines, and mycotoxins (Farnsworth 1998; Knudsen
1982). Since many of these compounds are naturally abundant in plants, extensive
research is required to determine their safety. A short-term rapid method for detecting
mutagens such as the Ames test is desirable to screen the safety of herbal medicines,
since long-term genetic toxicology testing is expensive.
The Ames test, a rapid in vitro test to detect mutagenicity has been used in
detecting 83% of known carcinogens (Ames and McCann, 1981). Dr. Bruce Ames, in the
early 1970s developed this test with the histidine negative (his-) strains of Salmonella
Typhimurium (Maron and Ames, 1984). The objectives of this study was to determine
inhibitory effect and lethal dosage of 23 commercial herbal extracts to selected
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pathogenic microorganisms and to evaluate the mutagenicity of popular and antimicrobial
herbs utilizing the Ames test.

Materials and Methods
Antimicrobial efficacy of herbal extracts against selected pathogens
Herbal extracts

The following herbal extracts/oils were purchased from a local health-food store
(Nature's Pantry, Knoxville, TN) : Allium sativum aged extract and essential oil (garlic),

Centella asiatica extract (gotu cola), Cimicifuga racemosa extract (black cohosh), flax
seed extract, Ginko biloba extract, Grapefruit seed extract (GSE), grapefruit essential oil,

Hydrastis canadensis extract (goldenseal), Hypericum perforatum extract (St. John' s
wort or hypericum), Melissa officinalis extract (lemon balm), Oenthera biennis (evening
primrose oil), Oreganum vulgare essential oil (oregano), Panax ginseng extract (Asian
ginseng), Piper methysticum extract (Kava-kava), Scutellaria lateriflora extract
(skullcap), Silybum marianum extact (milk thistle), Tabebuia imetiginosa (Pau d' arco),

Thymus mastichina essential oil (marjoram), Thymus vulgaris essential oil (thyme),
Vaccinium macrocarpon extract (cranberry fruit), Vaccinium myrtillus extract (bilberry),
and Valeriana officinalis extract (valerian). For safety and quality purposes, all herbs
were serially diluted on Standard Method Agar [SMA] (Difeo, Detroit, MI) to determine
aerobic plate count [APC] (35 °C for 48 hours) and yeast and mold screening on Potato
Dextrose Agar [PDA] (Difeo, Detroit, MI) (25 °C for 5 days).
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Bacterial culture preparation and maintenance
Freeze dried cultures of Listeria monocytogenes (ATCC 7644), Escherichia coli
0157 : H7 (ATCC 43889), Salmonella Typhimurium (ATCC 14028), Bacillus cereus
(ATCC 11778), Staphylococcus aureus (ATCC 49476), Clostridium sporogenes (ATCC
19404), and Campylobacter jejuni (ATCC 43454) were used. The aerobic cultures were
revived and cultivated in Brain Heart Infusion broth [BHI] (Difeo, Detroit, MI) and were
subjected to two consecutive 24-hour transfers before use. C. sporogenes and C. jejuni
were grown in Fluid Thioglycollate Medium [FTM] (Difeo, Detroit, MI). All cultures
were incubated at 3 5°C, except for B. cereus (30°C) and C. jejuni (42°C). Morphological
screening and biochemical reactions were used to determine culture viability and purity

(FDA, 1998). All cultures were kept on BHI slants (except for C. sporogenes and C.

jejuni in FTM broth) and were stored at 4°C during the experiments.
Antimicrobial inhibition assay
The agar diffusion method, the most common method for determining
antimicrobial activity was used as described by Parish and Davidson (1993) with some
modification. This method measures the degree of microbial inhibition as the test
compound diffuses through the agar, which results in a concentration gradient inversely
proportional to the distance from the disc. Standard Method Agar (SMA) with 100 ppm
of 2,3,5, triphenyl tetrazolium chloride (TTC) was used to conduct the agar diffusion
assay. Due to the sensitivity of C. jejuni, Campylobacter Blood Free selective Agar
without supplements [CCDA] (Oxoid, Ontario, Canada) was used to grow C. jejuni.
Each agar plate was inoculated with 0.1-0.3 ml of 24-hour culture suspension and spread
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evenly using a sterile glass-spreading rod. Inoculated agar plates were placed at room
temperature (aerobic organisms) and in anaerobic jars with modified atmosphere
(anaerobic and microaerophilic organisms) for 1 hour. Sterile 6-mm discs (BBL,
Cockeysville, MD) were soaked with 1 drop (average weight: 0.0314 g) of the herbal
extract or essential oil in a sterile petri dish and were transferred into the center of the
plate using sterile tweezers. Control plates were prepared by the same method except the
solvent specific for each extract (combination of ethanol, glycerine, or water) was used.
Discs soaked in Canola oil were used as negative control for essential oils. The plates
were incubated at the optimum temperature for each microorganism for 24-72 hours. A
clear zone of inhibition around the growth was recorded in mm, including 6mm for the
diameter of the disc. Triplicate samples were prepared.
Data analysis

The antimicrobial efficacy was determined by the diameter of the zone of
inhibition around the disc: strongly effective [2::29 mm], moderately effective [15-28
mm], and weakly effective [<15 mm]. Each assay and treatment was repeated three
times. The antimicrobial experiment was statistically analyzed using the SAS version
6.12 (Cary, NC). This experiment was analyzed to determine the differences in
antimicrobial activity of herbs as compared to control using PROC MIXED. Data were
fit to a completely randomized design and least square means were analyzed by LSD
mean separation (P<0.05).
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Minimum lethal concentration (MLC)
l\1.LCs were measured by the tube dilution method (Parish and Davidson, 1993).
For l\1.LC screening, 1 ml of the herbal sample was suspended in a 9-ml tube ofBHI with
1% Triton-Xl00 (LabChem, Pittsburgh, PA) and a serial 2-fold dilution scheme was
prepared. Each tube was inoculated with log 3 CFU/ml of selected culture, vortexed for
5 seconds, and incubated at appropriate temperatures specific for each pathogen for 18-24
hours. One loopful of the incubated suspension was streaked across a non-selective agar
plate and the plate was re-incubated at the appropriate temperature for each species and
checked for growth at 48 and 72 hours. If growth was observed on the lowest dilution, a
minimum lethal concentration of greater than 100,000 parts per million (ppm) was
recorded. Results were recorded as + (growth) or- (no growth). Data were recorded in
ppm based on the concentration of the herb resulting in a lethal effect on the
microorganism. All experiments were repeated three times.
Mutagenicity of selected antimicrobial and popular herbal extracts
The procedures for conducting the Ames mutagenicity assay were followed
according to the specific directions outlined in Maron and Ames (1984).
Protocol for growing tester strains
Dr. Ames (Berkley, CA) generously provided primary tester strains TA 97a, TA
98, TA 100, and TA 102. Cultures were grown in Oxoid nutrient broth No. 2 (Ontario,
Canada) in a 37°C gyrorotory incubator for approximately 12 hours at 150 rpm to
maintain adequate viability. The size of the flask was 3-5 times the volume of the culture
for adequate aeration. The optical density of 1-2 X 109 CFU/ml was determined by
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turbidity measurements at 650 nm and enumeration techniques (Maron and Ames, 1984).
Cultures were kept in a dark area and placed in ice bath prior to assay to avoid the loss of

rfa strains. During the mutagenicity assay, the cultures were kept at room temperature to
inhibit thermal shock when placing in 45°C top agar.

Confirming stability of Salmonella Typhimurium tester strains
Confirmation of tester strain genotypes according to Maron and Ames (1984) was
done after receiving the cultures, when preparing frozen or lyophilized cultures, and
when unusual numbers of spontaneous revertants per plate occurred. Confirmation of
genotypes was conducted with each mutagenicity assay. The his- of the tester strain was
confirmed by using selective agar plates with and without histidine and/or biotin (Maron
and Ames, 1984).
Crystal violet sensitivity testing using paper disc assay was performed as
recommended for the strains with deep rough (rfa) character for TA 97a, TA 98, and TA
100 (Maron and Ames, 1984). A clear zone of inhibition (14 mm) around the disc
containing 1% crystal violet was an indicator of rfa mutation.
The uvrB mutation was confirmed by testing strains that are UV sensitive. In
parallel stripes, the tester strains were streaked across a nutrient agar plate. One side of
the plate was covered with a piece of cardboard to cover half of each bacterial streak.
The plate was exposed to UV light at a 33-cm distance. TA 97a, TA 98, and TA 100
were irradiated for 8 seconds. TA 102 was also tested on the same plate as a control for
UV dose. Plates were incubated at 3 7°C for 12-24 hours. TA 97a, TA 98, and TA 100

(uvrB deletion) grew only on the non-irradiated side of the plate.
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Since the plasmids of the R factor strains (TA 97a, TA 98, TA 100, and TA 102)
are unstable, they were tested routinely before each assay for ampicillin resistance factor
by the agar plate dilution method (Maron and Ames, 1984). This is independent of the
increased sensitivity of the R-factor strains to reversion by mutagens. PAQl plasma from
T Al 02 was tested for both ampicillin and tetracycline resistance using agar diffusion
plates. For control, an R-factor strain was used.
Storage of tester strains

After the first transfer, all cultures were freeze-dried according to Maron and
Ames (1984). Master plates were prepared for inoculation of overnight cultures and
stored at 4°C for two months for TA 97a, TA 98, and TA 100. TA 102 was used within 2
weeks. Procedures for preparing master plates were outlined in Maron and Ames (1984).
Enzyme activation

Microsomal enzyme S9 in the Ames test was used to detect chemical mutagens
that need metabolic activation. A frozen (-70°C) commercial source of S9 (0.04 ml/ml
mix) (Moltox # 11-101, Boone, NC) was mixed with 4 mM NADP (Sigma, St. Louis,
MO), 5 mM glucose-6-phosphate (Sigma, St. Louis, MO), 100 mM phosphate buffer (pH
7.4), 8 mM MgCh (Sigma, St. Louis, MO), and 33mM KCl salts (Sigma, St. Louis, MO)
as outlined in Maron and Ames (1984). ~- glucosidase enzyme from almonds (Sigma, St.
Louis, MO) was revived in phosphate buffer (pH: 7.4) and activated using the same
procedure used for S9 mix.
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Herbal extracts and/or essential oils
Herbal extracts and essential oils were selected based on their antimicrobial
properties, popularity among consumers, and contradictory mutagenicity results as found
in the literature. The MLCs for Salmonella Typhimurium enabled us to determine the
appropriate dose for the mutagenicity assay. One tenth of the concentration below the
MLC for Salmonella Typhimurium was used to determine the mutagenicity for each herb
that was highly toxic to S. Typhimurium (oregano, thyme, and GSE). For other herbs, a
concentration well below the MLC was used (600 ppm). These concentrations were
selected during preliminary investigation to avoid toxicity by antimicrobial inhibition.
Herbal extracts were dissolved in dimethyl sulfoxide [DMSO] (Sigma, St. Louis, MO).
Ames plate incorporation assay
The plate incorporation assay (Maron and Ames, 1984) consisted of a molten
top agar with the test compound, bacterial tester strain, and S9 mix combined, which was
poured onto a minimal glucose agar plate. Both positive and negative ,control plates were
used to determine mutagenicity and spontaneous revertants, respectively. Positive
controls were used to confirm specific characteristic and reversion properties of each
tester strain. For positive control, 2,4,7-trinitro-9-fluorenone [2,4,7-TNFone] (Fisher,
Pittsburgh, PA) without S9 and 2-aminotluorene [2-AF] (Acres, Pittsburgh, PA) with S9
activation were used. Negative control plates consisted of culture, solvent (DMSO), with
and without S9 added to the top agar, for screening the expected spontaneous revertants
specific to each tester strain.
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The molten top agar (2 ml) with additional histadine and biotin (for spontaneous
revertants) was placed in sterile 13 X 100 mm capped tubes and held at 45°C. Within 20
seconds, to molten top agar, 0.1 ml overnight tester strain (stored at room temperature),
0.1 ml of herb, 0.5 ml of S9 mix (kept on ice) were gently shaken for 3 seconds and
evenly poured over the base agar plate. The plates were tilted and rotated on a flat
surface to harden for 1 hour. For light sensitive chemicals, dark cardboard was place
over the plates. The plates were inverted and incubated at 37°C for 48 hours. The
revertant colonies were counted using plate counting rules (Draughon, 1998) and verified
by CASBA version 2.2 colony counter (Spiral Biotech, Bethesda, :MD).

Data analysis
The mutagenicity assay was conducted three times. Since mutagenicity assay was
conducted using only one concentration, we determined a "Mutagenicity Ratio" (MR), by
comparing the number of revertants in each test chemical to that of the negative control
(DMSO). MR oftest chemicals above 2.0 were considered "strongly mutagenic" and
between 1.5-2.0 were considered weakly mutagenic. The ratio below 1.0 (or below the
revertants of the negative control) was considered toxic to the tester strain.
Data were also analyzed using the SAS, version 6.12 (Cary, NC) with regard to
the experiment' s multigenerational aspects accounting for toxicity in addition to Poisson
variability (Margolin et al. , 1981). Data were fit to a completely randomized design with
factorial treatments and analyzed using PROC MIXED. Least square means using LSD
mean separation was used to analyze the chemical effect related to unequal variance
(P<0.05).
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Results and Discussion
Antimicrobial efficacy of herbal extracts against selected pathogens

The antimicrobial inhibition zones determined by the agar diffusion method are
presented in Table 2-1 . The degree of inhibition by herbs and spices ranged from no
inhibition to complete inhibition. The most effective antimicrobial herbs against a
variety of pathogens were oregano, thyme, and GSE. Both thyme and oregano contain
thymol and carvacrol (phenolic compounds), which contribute to antimicrobial and
antioxidant efficacy and flavor (Hirasa and Takemasa, 1998). GSE contains Citricidal®,
which is a quaternary compound from bioflavonoids, naturally present in the seed and
pulp of grapefruit (GSE, 2000b). The least effective antimicrobial herbal extracts were
bilberry, flax seed, gotu cola, Asian ginseng, pau d'arco, and scullcap. In general, the
herbs were more effective against Gram positive than Gram negative pathogens. Farag et
al. (1989) and Jay (1996) also reported this finding. S. Typhimurium was the most
resistant pathogen to the antimicrobial activity of herbs. The minimum lethal
concentration of each herb against the selected pathogens is listed in Table 2-2.
Oregano was strongly inhibitory to S. Typhimurium [zone: 53 mm], E. coli
O157 :H7 [zone: 56 mm] , C.jejuni [zone: 37 mm], L. monocytogenes [zone: 43 mm], S.
aureus [zone: 49 mm], B. cereus [zone: 87 mm], and C. sporogenes [zone: 87 mm]

(Table 2-1). Previous research also confirms the antimicrobial efficacy of oregano.
Paster et al. ( 1990) reported that 250 µg/ml of oregano essential oil was inhibitory to S.
Typhimurium, C. jejuni, S. aureus, and C. sporogenes. Ethanolic extract of oregano
resulted in MIC of less than 4 % to S. Typhimurium and 1% to S. aureus at pH 7 by the
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Table 2-1. Antimicrobial inhibition zones of herbal extracts

Herbs

s.

Inhibition zones in mm

E. coli

Typhimurium 0157:H7

L.
C.
jejuni monocytogenes

a

b

s.

aureus

B.
cereus

C.
sporogenes

Bilberry

7 E,Z

8 D,Z

6 H,Z

11 F, y

6 EF,Z

7 F,Z

7 E,Z

Black cohosh

8 E,Z

8 D,Z

27 D,Y

26 CD, y

9 E,Z

45 B,X

7 E,Z

Cranberry

23 B, y

23 BC, y

37 CD,X

22 CD, y

l7 CD,Z

16 DE,Z

19 c,z

Evening
primrose (oil)
Flax seed

18 BC, y

6 E,Z

6 G,Z

8 FG,Z

8 E,Z

6 F,Z

6 E,Z

6 E,Z

7 E,Z

6 G,Z

6 G,Z

7 E,Z

6 F,Z

6 E,Z

Garlic (extract)

IO

D, y

IO D, y

33 CD, V

20 DE,W

12 D, y

6 F,Z

60 A,U

Garlic (oil)

9 DE,Z

8 D,Z

60A,W

58A,w

20C,X

87A,V

87A,V

Ginko biloba

9 DE,Z

II

19 E,XY

18 E, y

15 CD, y

16 DE, y

18 C, y

Ginseng (Asian)

14 C, y

8 D,Z

9 FG,Z

9FG,Z

6 EF,Z

24 D,X

8 E,Z

Glodenseal

7 E, Z

8 D,Z

41 ABC, W

22 CD,X

19 C, y

16 DE, y

24 B,X

Gotu cola

7 E,Z

7 D,Z

6 G,Z

7 FG,Z

7 E,Z

19 D, v

6 E, Z

Grapefruit (oil)

6 E, Z

8 D,Z

7 FG,Z

8 FG,Z

9 E,Z

43 B, y

6 E,Z

15 BC,Z

15 c,z

55 AB, V

27 CD,X

21 C, y

31 CD,W

66 A,U

Hypericum

6 E,Z

6 E,Z

26 D,Y

29 CD, y

29 BC, y

44 B,X

28 B, y

Kava-kava

6 E,Z

7 E,Z

19 E, y

6 G,Z

9 E,Z

65 AB,X

8 E,Z

Lemon balm

6 E,Z

8 E,Z

7 FG, Z

8 FG,Z

7 E, Z

35 C,Y

6 E,Z

Marjoram

14 C, y

29 B,W

IO

32 C,V

22 c,x

81 A,U

87 A,T

Milk thistle

7 E,Z

7 E, Z

34 CD,W

8 FG,Z

7 E,Z

16 DE, y

22 B, X

Oregano

53 A,X

56 A,X

37 CD,Z

43 B, y

49 B,Y

87 A,W

87A,W

Pau d'arco

JO D, Y

8 D, Z

12 F, y

7

FG, Z

8 E,Z

6

F, Z

13 D, y

Scullcap

9 DE,Z

7 E,Z

26 D, y

8 FG,Z

8 E,Z

8 F,Z

7 E,Z

Thyme

45 A,Z

57 A, y

42 ABC,Z

57 A,Y

81 A, y

87 A,X

87A,X

7 E,Z

7 E,Z

25 D,W

9 FG,Z

6 EF,Z

13 E, y

19 C,X

GSE

(Spanish)

Valerian

D,Z

F,Z

Least square means followed by same letter within the same column (A-G) and within the same row (TZ) are not significantly different (P>0.05).
b Diameter of filter paper (6 mm) is included.
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Table 2-2. Minimum lethal concentration (MLC) of herbs against selected
pathogens
MLC in
Herb

s.

Typhimurium

E.coli
O157:H7

L.

s.

B.

monocytogenes

aureus

Cereus

Bilberry

>100,000

>100,000

>100,000

>100,000

>100,000

Black cohosh

>100,000

>100,000

>100,000

>100,000

6,250

Cranberry

>100,000

>100,000

>100,000

>100,000

>100,000

Ev. Primrose oil

>100,000

>100,000

>100,000

>100,000

>100,000

Flax seed

>100,000

>100,000

>100,000

>100,000

>100,000

Garlic (extract)

>100,000

>100,000

>100,000

>100,000

>100,000

Garlic (oil)

>100,000

>100,000

12,500

12,500

6,250

Ginko biloba

>100,000

>100,000

>50,000

>100,000

>6,250

Ginseng (Asian)

>100,000

>100,000

>100,000

>100,000

>100,000

Goldenseal

>100,000

>100,000

12,500

50,000

>100,000

Gotu cola

>100,000

>100,000

>100,000

>100,000

>100,000

Grapefruit oil

>100,000

>100,000

>100,000

>100,000

>100,000

6,250

3,125

<195

780

780

Hypericum

>100,000

>100,000

25,000

50,000

3,125

Kava-kava

>100,000

>100,000

>100,000

>100,000

12,500

Lemon balm

>100,000

>100,000

>100,000

>100,000

25,000

Marjoram (Spanish)

>100,000

1,563

780

>100,000

25,000

Milk thistle

>100,000

>100,000

>100,000

>100,000

>100,000

780

390

3,125

<195

390

Pau d' arco

>100,000

>100,000

>100,000

>100,000

>100,000

Scullcap

>100,000

>100,000

>100,000

>100,000

>100,000

1,563

390

195

195

1,563

>100,000

>100,000

>100,000

>100,000

>100,000

GSE

Oregano

Thyme
Valerian
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paper disc method (Ueda et al. , 1982). Oregano was inhibitory on McConkey sorbitol
agar at concentration of 0.5-10% (Anonymous, 1998). Aureli et al. (1992) reported that
oregano [zone: 2::45 mm] and diluted oregano oil with absolute ethanol (1:50) [oregano :
15- 45 mm] were inhibitory to L. monocytogenes. Previous work by our laboratory using
another variety of oregano indicated a high degree of inhibition to various
microorganisms including E. coli, S. Typhimurium and S. aureus by the paper disc
method (Elgayyar, 1999).
Thyme was also one of the most effective antimicrobial herbs tested. Inhibition zones
are as follows (Table 2-1) : S. Typhimurium [zone: 53 mm], E. coli O157:H7 [zone: 57
mm], C.jejuni [zone: 42 mm], L. monocytogenes [zone: 57 mm], S. aureus [zone: 81
mm], B. cereus [zone: 87 mm], and C. sporogenes [zone: 87 mm]. Powdered and
alcoholic extract of thyme (1000 ppm) inhibited the growth of S. Typhimurium, and S.

aureus (Aktug and Karapinar, 1986). Ueda et al. (1982) reported the :MIC of thyme to S.
aureus, E. coli and S. Typhimurium ranged from 1% to less than 4% by paper disc
method. According to Marino et al. (1999), S. aureus was most resistant and E. coli
O157:H7 was the least resistant species when several varieties of thyme was tested. They
found that thyme oil at 400 ppm and 800 ppm inhibited 85-100% of all pathogens listed.
However, 0-78% of species were recovered after incubation for 18-24 hours in egg
emulsion medium indicating that the effect was not lethal. Thyme essential oil was also
inhibitory to S. aureus, C.jejuni, S. Typhimurium, and C. sporogenes when tested at 350
µg/ml (Paster et al. , 1990). Farag et al. (1989) also determined thatE. coli and S. aureus
were inhibited at concentrations of 750 and 500 µg, respectively. Listeria spp. (log 6
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CFU/ml) was inhibited with a zone of less than 45 mm using thyme essential oil
[undiluted] (Aurelli et al. 1992). Bacteriostatic concentration of thyme essential oil in
broth are reported as follows: 0.075% against C. jejuni, S. Eteritidis, E. coli, S. aureus,
and L. monocytogenes (Smith-Palmer et al., 1998). Another study indicates contradictory
findings to the inhibitory effect of thyme toward E.coli O157:H7 (Anonymous, 1998).
This research showed that thyme weakly inhibited E. coli O157:H7, while oregano,
garlic, cinnamon, clove and sage were strongly inhibitory on McConkey sorbitol agar
containing 0.5-10% spices. The antimicrobial properties of herbs are frequently
concentrated in the essential oils (Conner, 1993). Results from different laboratories may
vary depending on purity, concentration of active ingredients in herbal extracts.
Grapefruit seed extract was strongly inhibitory to C. sporogenes [zone: 66 mm] , C.
jejuni [zone: 55 mm] , and B. cereus [zone: 31 mm] , and moderately inhibitory to L.
monocytogenes [zone: 27 mm] , S. aureus [zone: 21 mm] , E.coli O157:H7 and S.
Typhimurium [zone 15 mm, each] (Table 2-1). The following minimum inhibitory
concentration using 67% Citricidal® grapefruit extract has been reported by the
manufacturer: E. coli (NCTC : 9001): 6 ppm; S. Typhimurium (NCTC: 5710): 6 ppm; B.
cereus (no available strain): 60 ppm; C. botulinum (NCTC# 3805): 60 ppm; L.
monocytogenes (ATCC# 15313): 20 ppm; and S. aureus (NCTC# 7447): 2 ppm (GSE,
2000a). However, no information was available as to how these numbers were obtained.
MLC for GSE (Table 2-2) in our laboratory ranged from 195 ppm for L.
monocytogenes to 6,250 ppm for S. Typhimurium. Potential uses of Citricidal® (60%
concentration), recommended by the manufacturer include agriculture (bactericide/

66

fungicide): 50-250 ppm, fish and poultry (disinfectant/preservative): 100-1000 ppm, and
food (preservative/antioxidant) 10-250 ppm (GSE, 2000b). Cho et al. (1993) reported the
minimum inhibitory concentration of 50 to 2000 ppm for GSE, tested against E. coli, S.

aureus, and Fusarium Spp. when applied to fresh fruits and vegetables. In another
publication Cho et al. (1994) further treated fruits and vegetables, stored in polyethylene
film (0.1 mm) stored at 10-l 5°C, which inhibited post harvest spoilage microorganisms,
yeast and mold; MIC : 200-500 ppm. Park and coworkers (1998) found that the
combination of 250 ppm GSE, 1% ascorbic acid, and various films inhibited spoilage
microorganisms in soybean sprouts for 5 days in cast polypropylene. Application of 1%
GSE in packaging film, used for packaging curled lettuce and soybean sprouts inhibited
E. coli and S. aureus, using the disc assay method (Lee et al. , 1998). Growth of aerobic

organisms, yeast and lactic acid bacteria was also reduced.
Another study claimed that the antimicrobial efficacy of GSE against S. aureus,
E. coli, Bacillus subtilis, Micrococcus flavus, Serattia marcescens, and Proteus mirabilis
was due to presence of synthetic preservatives [triclosan, methyl parabens and
benzethonium chloride] (Woedtke et al. , 1999). Citricidal® as a natural extractive
(GRAS substance; 2 1 CFR 182.20), which constituted 33% of the commercial sample
tested in our study, is a quaternary compound from the bioflavonoids, which are naturally
present in the seed and pulp of grapefruit, according to the manufacturer (GSE, 2000b &
c). Certificate of analysis of GSE by independent laboratories in the U.S. reported that
triclosan, benzethonium chloride, or parabens were not present in GSE, but a structurally
similar compound is present which results in a false positive (Irvine Analytical
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Laboratories, Inc., 1996; United States Testing Co, Inc., 1995; Weston-Gulf Cost
Laboratories, Inc., 1992).
Grapefruit oil was weakly effective against all pathogens, except for B. cereus [zone:
43 mm] (Table 2-1). Grapefruit oil is extracted from the peel of the fruit by cold
expression (Leung and Foster, 1996) has been claimed to have antimicrobial properties.
Grapefruit essential oil was not inhibitory to E. coli, S. aureus, L. monocy togenes, S.
Enteritidis, and C. jejuni by agar well technique (Smith-Palmer et al. , 1998), which
supports our findings . Grapefruit oil is different from grapefruit seed extract since
Citricidal® (whether derived from synthetic or natural sources) is not naturally present in
the peel. Grapefruit oil is not a good source of natural antimicr_obials based on our study.
The essential oil of garlic was more inhibitory toward pathogens tested than the
aged extract (water and ethanol). However, the inhibitory effect was strongly dependent
on the microorganism. Water extracts of garlic has been shown to have antimicrobial
effect, when used at high concentrations (Conner, 1993). C. jejuni and C. sporogenes
were strongly inhibited by both the ethanolic extract and the essential oil (Table 2-1).
However, L. monocytogenes and B. cereus were strongly inhibited by garlic essential oil
but not by the aged ethanolic extract. In our study garlic oil was inhibitory toward Gram
positive sporeforming rods. Both the oil and extract of garlic were only weakly
inhibitory to S. Typhimurium, E. coli O157:H7, and S. aureus. The minimum
bacteriostatic concentration of S. aureus by allicin from garlic as determined by Rode
(1989) is 0.8 mg/ml. In addition, 20 µg/m of ajoene (sulfur-containing component of
garlic) inhibited S. aureus (Naganawa et al. , 1996). Feldberg et al. (1988) determined
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that allicin contributed to a delay in DNA, RNA, and protein synthesis of
microorganisms. Huhtanen (1980) reported MJC of greater that 2000 µg/ml for C.

botulinum, as observed by visual turbidity of 10% garlic. The turbidity caused by the
botanical extract makes these data less reliable. Naganawa and coworker (1996) found
that ajoene's antimicrobial efficacy is dependent on the disulfide bond. Cysteine reacting
with disulfide bond abolishes the antimicrobial properties.
Cranberry extract was highly inhibitory to C.jejuni [zone: 37 mm], and was
moderately inhibitory to the other pathogens tested. In cranberries, anthocyanin, the most
active constituent listed on the label of our commercial sample tested (75 mg/ml), which
also provide color, may have other functional properties. Proanthocyanidins from
cranberries have been shown to inhibit the adherence of E. coli to the epithelial cells on
the lining of the urinary tract (Howell, 1998). However, other antimicrobial compounds
in cranberries besides proanthocyanidins include benzoic acid, cyanidins, and flavonols
(Marwan and Nagel, 1986a). Vacciniin (220 ppm in cranberries) and benzoic acid (70
ppm in cranberries) were not inhibitory to S. aureus (Marwan and Nagel, 1986b). These
data support our findings that S. aureus is not strongly inhibited by cranberry extract.
Marjoram (Spanish) essential oil was strongly inhibitory to C. sporogenes [zone:
87 mm], B. cereus [zone: 81 mm], moderately inhibitory to E.coli 0157: H7 [zone: 29
mm] and S. aureus [zone: 22 mm], and weakly inhibitory to S. Typhimurium [zone: 14
mm] and C. jejuni [zone: 10 mm] . Ethanol extract of marjoram at pH 7 resulted in a MIC
of less than 4% toward S. Typhimurium (Ueda et a., 1982). Aureli et al. (1992) reported
that marjoram essential oil did not inhibit Listeria spp.. However, our data show
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moderate to strong inhibition of L. monocytogenes. Marjoram essential oil (variety not
known) has been shown to have bactericidal concentration of > 1% toward E. coli, S.

enteritidis, C. jejuni and 0.25% toward S. aureus and L. monocytogenes, when bacteria
failed to grow after 10 µl samples were plated onto agar (Smith-Palmer et al. , 1998). The
antimicrobial efficacy of marjoram is thought to be due to the high concentration of
carvacrol [13-74% of phenols in the essential oil] (Leung and Foster, 1996). Several
varieties of marjoram (Spanish, sweet, pot, and wild) have created confusion regarding
the concentration and various compositions of antimicrobial compounds.
Hypericum was strongly inhibitory to B. cereus [zone: 44 mm] and moderately
inhibitory to L. monocytogenes and S. aureus [zone: 29 mm, each], C. sporogenes [zone:
28 mm], and C. jejuni [zone: 26 mm]. Hyperforin, a component of hypericum may be
antibacterial against staphylococci and streptococci as reported by Leung and Foster
(1996). Aqueous extracts ofhypericum revealed low bactericidal activity against various
stains of E. coli spp. (Turi et al. , 1997). Our study is the first report of the antimicrobial
efficacy of hypericum against foodbome pathogens.
Goldenseal was strongly inhibitory to C.jejuni [zone: 41 mm] , moderately
inhibitory to C. sporogenes [zone: 24 mm], L. monocytogenes [zone: 22 mm], S. aureus
[zone: 19 mm] , and B. cereus [zone: 16 mm], and weakly inhibitory to E.coli O157:H7
[zone: 8 mm] and S. Typhimurium [zone: 7 mm]. Hoffman (1999) reported that
Goldenseal was antimicrobial toward Staphylococcus spp., E. coli, S. typhi, and other
bacteria, protozoa, and fungi , but no quantitative data was available. A study by Nolan
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and coworkers (1996) indicated various inhibitions toward parasites by the aqueous and
ethanolic extract of goldenseal.
Ginko biloba was moderately inhibitory toward C.jejuni [zone: 19 mm], L.

monocytogenes and C. sporogenes [zone: 18 mm, each], B. cereus [zone: 16 mm], and S.
aureus [zone: 15 mm] , and weakly inhibitory to E. coli O157 :H? and S. Typhimurium.
This is the first study discovering the limited antimicrobial properties of ginko biloba
against certain foodbome pathogens.
Kava-kava was strongly inhibitory to only B. cereus [zone: 65 mm] and
moderately inhibitory to C. jejuni [zone: 19 mm] ; it was weakly effective against other
pathogens. No other studies have been reported regarding the antimicrobial efficacy,
despite the antiseptic and antimycotic claims ofkava-kava, reported by Blumenthal et al.
(1998).
Black cohosh was strongly inhibitory to B. cereus [zone: 45 mm], moderately
inhibitory to C. jejuni [zone: 27mm], and L. monocytogenes [zone: 22 mm], and weakly
inhibitory to the other pathogens. This is the first scientific study investigating other
functional properties of black cohosh, besides the anti-inflammatory effect. The tannins
in black cohosh may contribute to the moderate antimicrobial properties.
Lemon balm, despite the antibacterial claims (Foster, 1996; Hoffman, 1999) was
only strongly inhibitory to B. cereus [zone: 35 mm] (Table 2-1). Kedzia et al. (1994)
determined MIC of E. coli (500 µg/ml) and S. aureus (100 µg/ml) and detected carvacrol
and thymol in lemon balm. The differences in samples and amount of the antimicrobial
components in our sample may explain the variation in results. Our sample, according to
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the package label contained volatile oil of fresh lemon balm, 40-50% grain alcohol and
potency of fresh herb using 1: 1 double maceration.
Milk thistle was strongly inhibitory to C.jejuni [zone: 34 mm] and moderately
inhibitory to C. sporogenes [zone: 22 mm] and B. cereus [zone: 16 mm], but weakly
inhibitory to other pathogens. The functional properties of milk thistle have not been
thoroughly researched (Foster, 1996). This is the first scientific research to the best of
our knowledge investigating the antimicrobial efficacy of milk thistle, besides its
antioxidant and hepatoprotective properties. A high concentration of milk thistle is
necessary for the lethality to all pathogens tested [MLC : > 100,000 ppm], (Table 2-2).
Evening primrose oil was only moderately inhibitory to S. Typhimurium [zone:
18 mm], the most resistant pathogen in our study. The gamma linoleic acid in evening
primrose oil has been associated with the anti-inflammatory claims (Leung and Foster,
1996). However, a high concentration of evening primrose was necessary to inactivate

S. Typhimurium [MLC: >100,000 ppm].
Valerian was moderately inhibitory to C.jejuni [zone: 25 mm] and C. sporogenes
[zone: 19 mm] and was weakly inhibitory or not effective against other pathogens.
According to Leung and Foster (1996) valerian has been known to be antibacterial,
especially against Gram negative microorganism because of alkaloids. Our research can
weakly validate this claim since valerian was moderately effective to only I Gram
negative organism.
The least effective antimicrobial herbal extracts were bilberry, flax seed, gotu
cola, Asian ginseng, pau d' arco, and scullcap. Scullcap was moderately inhibitory to C.
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jejuni. Antimicrobial and/or anti-inflammatory claims of these herbs are not warranted
since MLC was greater than 100,000 ppm (Table 2-2).
The MLCs for C. jejuni and C. sporogenes are not available due to the strict
environmental and nutritional requirements of these two pathogens and the limitations of
our testing systems. Of all the herbs tested, garlic oil, GSE, marjoram, oregano, and
thyme required the lowest MLC to inactivate the selected pathogens. Few research
studies have studied the inactivation of microorganisms by herbs. In our study, we
achieved a minimum lethal concentration of390 ppm for E.coli O157:H7 by thyme
essential oil, which corresponds to the study by Marino et al. (1999). However, Marino
and coworkers (1999) reported that S. aureus was the most resistant species with thyme,
while in our study, the MLC for S. aureus by thyme was 195 ppm-the lowest MLC.
Herbal preparations can be applied to foods as potent antimicrobials. Since these
compounds are essential oils, they may work better in products containing fat, since they
may localize in the fat component. Application in food is ideal in refrigerated, high fat,
or ready-to-eat products. Because of the low molecular weight and volatility, heating and
evaporation may dissipate the volatiles. Use of essential oils in refrigerated, food
products that require heating may alleviate the negatively attributed strong, volatile,
sensory notes associated with the use of herbal extracts in food products. However,
further research is needed in to determine the product acceptability by the consumer. The
MLCs of herbs are of value and interest, due to the requirements for pathogen-free food.
However, the minimum lethal concentration in vitro may not be lethal in actual food
product. Further studies are needed to incorporate herbal preparations into food

73

formulations to evaluate antimicrobial properties. Since herbs vary in activity across
genus of bacteria, combination of herbs may prove useful in foods for inhibiting
pathogenic bacteria.

Mutagenicity of selected antimicrobial and popular herbal extracts
The various S. Typhimurium tester strains enabled us to detect at which point the
test chemicals (herbs) may cause genetic mistakes. The metabolic activation testing is
used to mimic "in vivo" effect and to determine activation by mutagens before or after
metabolism. The Ames test detects base pair (entire pair){TA 97a, TA 100} or
frameshift (entire group) {TA 97a and TA 98} mutations that can cause serious mistakes
in DNA sequencing. Lipopolysaccharides (LPS-) are removed from some strains (TA 97,
TA 98, and TA 100) to increase the penetration to the genome, which is referred to as rja
(deep rough character) mutation. Tester strains TA 97, TA 98, and TA 100 are deficient
in DNA excision repair system (DNA R-), are referred to as uvrB gene deletion to detect
mutagens. These deficiencies extend through the bio gene, which require biotin for
growth except for the wild type, TA 102. The standard tester strains (TA 97, TA 98, TA
100, and TA 102) also contain an R-Factor plasmid pK.Ml0l , which increases and is
enhanced by an error-prone DNA repair system (McCann et al. , 1975b; Walker and
Dobson, 1979).
The mutagenicity data are illustrated in Tables 2-3 through 2-6. Hypericurn,
ginko, and goldenseal were strongly mutagenic (Average MR= 4.6, 3.4, and 2.1,
respectively). Black cohosh, cranberry, gotu kola, GSE, kava kava, pau d'arco,
marjoram, oregano, and valerian showed various degrees of weak mutagenicity.
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Table 2-3. Mutagenicity of selected herbs using S. Typhimurium tester strain
TA 97a
Cone.
TA97a
TA 97a + S9
Test
# Revertants
# Revertants
Test chemical a
b
b
chemical
MRC
MR C
per plate
per plate
<nom)

DMSO (-control)

1000

2,4,7-TNFone d

10

177 F

1.00

7984

45.11

A

.

209 F

.

1.00

.

2-AFe

2000

.

Black cohosh

600

154

G

0.87

257 F

1.23

Cranberry

600

212

F

1.20

324 DE

1.55

Ginko biloba

600

322 DE

1.82

464

2.22

Goldenseal

600

216

F

1.22

356 D

1.70

Gotu kola

600

176 G

0.99

260

F

1.24

GSE

600

228 F

1.29

340D

1.63

Hypericum

600

248 F

1.40

460

C

2.20

Kava-kava

600

177

G

1.00

234

F

1.12

Marjoram

600

178

G

1.01

345 D

1.65

Oregano

80

158

G

0.89

214

1.02

Pau d'arco

600

195

G

1.10

398 D

1.90

Thyme

160

223

F

1.26

264

1.26

Valerian

600

230 F

1.30

349 D

(Spanish)

3

1576

B

C

F

F

7.54

1.67

All test chemicals were dissolved in dimethyl sulfoxide (DMSO)
Means in columns and rows followed by same letter are not significantly different (P>0.05)
c MR: Mutagenicity Ratio (dividing the # revertants/plate of test chemical by the # revertants/plate of
DMSO [negative control]) is determined. Test chemicals are reported as: strongly mutagenic: MR> 2.0,
weakly mutagenic: MR 1.5- 2.0, and toxicity to the tester strain: MR< 1.0.
d 2,4,7-trinitro-9-fluorenone, positive control without metabolic activation
e 2-aminofluorene, positive control with metabolic activation
b
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Table 2-4. Muta1?enicity of selected herbs using S. Typhimurium tester strain TA 98
Cone.
TA98
TA 98 + S9
TA 98 + J3Test
~lucosidase
chem.
#
#
#
Test chemical a (ppm)
Revertants
Revertants
Revertants
MRC
MRC
MRC
per plate b

DMSO (-control)

1000

36

2,4,7-TNFone d

10

7323

G

2-AFe

2000

.

Black cohosh

600

61

Cranberry

600

44

Ginko biloba

600

Goldenseal

A

per plate b

1.0

42 FG

203.4

.

.

4179

B

per plate b

1.0

.

50 F

1.0

.

.

99.5

1674

C

33.5

F

1.7

55 F

1.3

64 F

1.3

FG

1.2

58

FG

1.4

71

1.4

61

F

1.7

179 E

4.3

189 E

3.8

600

51

F

1.4

56 F

1.3

68

F

1.4

Gotu kola

600

41 FG

1.1

48

F

1.1

53

F

1.1

GSE

600

42 FG

1.2

38

G

1.0

42

FG

0.8

Hypericum

600

340D

9.4

331 D

7.9

186 E

3.7

Kava-kava

600

47 F

1.3

39 FG

0.9

41

FG

0.8

Marjoram

600

35 G

1.0

45 FG

1.1

63

F

1.3

Oregano

80

38

G

1.1

42 FG

1.0

44

FG

0.9

Pau d'arco

600

40

FG

1.1

64 F

1.5

61

F

1.2

Thyme

160

41

FG

1.1

42

1.0

47

F

0.9

Valerian

600

39

FG

1.1

49 F

1.2

55

F

1.1

(Spanish)

FG

F

All test chemicals were dissolved in dimethyl sulfoxide (DMSO)
b Means in colwnns and rows followed by same letter are not significantly different (P>0.05)
c MR: Mutagenicity Ratio (dividing the# revertants/plate oftest chemical by the# revertants/plate of
DMSO [negative control]) is determined. Test chemicals are reported as: strongly mutagenic: MR> 2.0,
weakly mutagenic: MR 1.5- 2.0, and toxicity to the tester strain: MR < 1.0.
d 2,4,7-trinitro-9-fluorenone, positive control without metabolic activation
e 2-arninofluorene, positive control with metabolic activation
a
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Table 2-5. Mutagenicity of selected herbs using S. Typhimurium tester strain
TA 100
Cone. test
TA 100
TA 100 + S9
chemical
# Revertants
# Revertants
Test chemical a
b
b
(ppm)
MR C
MRC
per plate
per plate
316 DE
248 F
DMSO (- control)
1000
1.00
1.00
2,4,7-TNFone d

10

581

2.34

B

.

.

2-AFe

2000

.

.

2883

Black cohosh

600

324 DE

1.31

567

B

1.79

Cranberry

600

329 DE

1.33

589

B

1.86

Ginko biloba

600

371

DE

1.50

365 DE

1.16

Goldenseal

600

526

BC

2.12

638

B

2.02

Gotu kola

600

342 DE

1.38

485

C

1.53

GSE

600

476 D

1.92

443D

1.40

Hypericum

600

492

1.98

614 B

1.94

Kava-kava

600

325DE

1.31

526

1.66

Marjoram

600

264

F

1.06

455 D

1.44

Oregano

80

246

F

0.99

543 BC

1.72

Pau d'arco

600

251

F

1.01

565 B

1.79

Thyme

160

253

F

1.02

470 D

1.49

Valerian

600

361

DE

1.46

558

1.77

(Spanish)

C

A

BC

BC

9.12

All test chemicals were dissolved in dimethyl sulfoxide (DMSO)
b Means in columns and rows followed by same letter are not significantly different (P>0.05)
c MR: Mutagenicity Ratio (dividing the # revertants/plate of test chemical by the # revertants/plate of
DMSO [negative control]) is determined. Test chemicals are reported as: strongly mutagenic: MR> 2.0,
weakly mutagenic: MR 1. 5- 2.0, and toxicity to the tester strain: MR < 1.0.
d 2,4, 7-trinitro-9-fluorenone, positive control without metabolic activation
e 2-aminofluorene, positive control with metabolic activation
a
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Table 2-6. Mutagenicity of selected herbs using S. Typhimurium tester strain
TA 102
Cone. test
TA 102
TA 102 + S9
chemical
# Revertants
# Revertants
Test chemical a
b
b
(ppm)
MRC
MR C
per plate
per plate
329 F
415 D
DMSO (-control)
1000
1.00
1.00
2,4,7-TNFone d

10

651

2-AF e

2000

.

Black cohosh

600

626

Cranberry

600

Ginko biloba

1.98

BC

.

.

700

.
B

1.69

1.90

SOS A

1.94

400 DE

1.22

547 C

1.32

600

476

CD

1.45

737 B

1.78

Goldenseal

600

593

C

1.80

702

B

1.69

Gotu kola

600

483

CD

1.47

691

B

1.67

GSE

600

252 F

0.77

378 DE

0.91

Hypericum

600

532 C

1.62

540

C

1.30

Kava kava

600

482

CD

1.47

534

C

1.29

Marjoram

600

566

C

1.72

588 C

1.42

Oregano

80

387 D E

1.18

541

C

1.30

Pau d'arco

600

554

C

1.68

602

C

1.45

Thyme

160

357

EF

1.09

456

CD

1.10

Valerian

600

595

C

1.81

642

C

1.55

(Spanish)

C

All test chemicals were dissolved in dimethyl sulfoxide (DMSO)
Means in columns and rows followed by same letter are not significantly different (P>0.05)
c MR: Mutagenicity Ratio (dividing the # revertants/plate of test chemical by the # revertants/plate of
DMSO [negative control]) is determined. Test chemicals are reported as: strongly mutagenic: MR > 2.0,
weakly mutagenic: MR 1.5- 2. 0, and toxicity to the tester strain: MR < 1.0.
d 2,4,7-trinitro-9-fluorenone, positive control without metabolic activation
e 2-aminofluorene, positive control with metabolic activation
a

b
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In TA97a (Table 2-3), ginko biloba was weakly mutagenic [MR: 1.82, S9-] and
strongly mutagenic with metabolic activation [MR: 2.22] (P< 0.05). Hypericum was only
strongly mutagenic with metabolic activation, which was significantly different from no
activation (P<0.05). All other herbs except oregano, kava-kava and thyme were weakly
mutagenic in TA 97a. The following herbs were only weakly mutagenic with metabolic
activation (S9) in TA 97a: GSE [MR: 1.63], goldenseal [MR: 1.70], Pau d' arco [MR:
1.90], marjoram [MR: 1.65], cranberry [MR: 1.55], and valerian [MR: 1.67]. No toxicity
was observed which indicates that the appropriate concentrations were used to detect
mutagenicity. TA 97a, a new frameshift strain contains a second "hot spot" or frameshift
of alternating -GC- base pair mutations with an added cytosines, which makes it a more
sensitive tester strain than the traditional TA 98 (Maron and Ames, 1984).
Hypericum was strongly mutagenic in TA 98 (Table 2-4) both with and without
S9 activation [MR: 7.7 and 9.4, respectively]. Strong mutagenicity was also
demonstrated by hypericum with p-glucosidase activation [MR: 3.7] (P<0.05). Ginko
biloba was strongly mutagenic in TA 98 with both S9 liver homogenate [MR: 4.3] and Pglucosidase [MR: 3.8]. Black cohosh was only weakly mutagenic [MR: 1.7] without S9.
Slight toxicity [MR: 0.8-0.9] was observed with GSE, oregano, thyme (P-glucosidase
only), and kava-kava. The mutagenic herbs detected with TA 98 strain have various
frameshift mutations (Maron and Ames, 1984), since TA 98 contains hisD3052 from the
hisD gene coding for histidinol dehyrogenase.

Using S. Typhimurium TA I 00, goldenseal was strongly mutagenic either with or
without metabolic activation (Table 2-5). Hypericum was moderately mutagenic [MR:
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1. 94 and 1.98] with or without S9 activation. Without S9 ginko and valerian were
weakly mutagenic [MR: 1.50, and 1.46, respectively]. With S9 activation, oregano,
kava-kava, pau d'arco, thyme, cranberry and valerian were weakly mutagenic. The
mechanism for mutagenicity of herbs detected with TA 100 is due to the hisG46 mutation
that causes base-pair substitutions at one G-C pair (Maron and Ames, 1984).
In TA 102 (Table 2-6), the wild pair mutagen that has the DNA repair system,
none of the herbs were significantly mutagenic, although various degrees of weak
mutagenicity were observed with and without activation. Other herbs such as marjoram,
gotu cola, black cohosh, goldenseal, hypericum, and valerian were weakly mutagenic
without S9 activation (P<0.05).
Margolin et al. ( 1981) has criticized the use of the Poisson model for ignoring the
multigeneral aspects of dose response mutagenicity without considering toxicity. We
used a mutagenicity ratio (MR) which was determined by the doubling the number of
spontaneous revertants from the negative control using only one chemical dose by
considering toxicity and the antimicrobial efficacy of herbs to the tester strain. Rivera
and Martins (1994) also used a similar approach of using mutagenicity ratio but did not
define how MR was obtained. This is a much more conservative approach to
mutagenicity testing than simply producing statistically significant differences. Both MR
and statistical significance are provided in Tables 2-3 through 2-6 to ensure complete
reporting of data.
Various controversial issues regarding the mutagenic compounds have been
reported. Both reports of mutagenicity and antimutagenicty in regards to quercetin have
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been reported. Schimmer et al. (1994) detected quercetin (TLC method), a mutagenic
component from Hyperici tinctura in TA 98. Quercetin, an abundant flavanoid in many
plants has also been reported as antimutagenic or as an anti-cancer compound. Kanazawa
and coworkers (1995) specified that the quercetin and galangin from oregano are specific
antimutagens against carcinogen Trp-P-2. In this study a decrease in number of
revertants with both water and methanol extracts of fresh and dry oregano was observed.
However, the "antimutagenicity" is probably an artifact due to the antimicrobial effects of
oregano. Another study could not determine mutagenicity ofthymol (also in oregano),
allyl isothiocyanate, eugenol, and cinnamaldehyde due to toxicity (Azizan and Blevins,
1995). Ogawa and coworkers ( 1987) investigated the mutagenicity of 12 flavonoids
against 2-acetylaminofluorene with TA 98 and S9 activation. They found that morin,
galangin, flavonol, kaempferol, quercetin and myricetin enhanced the mutagenicity by 3
to 10 fold. Another study reported that the flavonoids, quercetin and rhanmetin were
mutagenic, while isorharnnetin, apigenin, and luteolin isolated from medicinal herbs were
not mutagenic in the Ames test (Czeczot et al. , 1990). They also determined that the
mutagenicity of flavonoids depends on the presence of hydroxyl groups in the 3' and 4'
positions of the B ring. In addition, the presence of free hydroxyl or methoxy group A
ring, position 7 contributes to the appearance of mutagenicity.
The effectiveness of the mutagenicity tests depends on several factors. According
to Morimoto et al. , (1982) the temperature and the length of extraction may influence the
results of the Ames test. Similar to oral medication preparation, the water extraction of
104 Chinese herbs for 5 hours at 40°C resulted in 24 positive results, while 3 herbs
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resulted positive when soaked for 3 hours at 90°C (Xue-jun et al., 1991 ). However, their
finding was inconsistent with Morimoto et al. (1982) whom found that Flos carthami was
positive in the Ames test. Ironically in the in vitro assay, using the Ames test, Xue-jun et
al. ( 1991) found that Flos carthami was not mutagenic, while, it tested positive using "in
vivo" assay utilizing, chromosomal aberration and micronucleus assays of mice. This
finding reveals a limitation of the Ames test and its sensitivity toward a specific event.
However, the Ames test remains to be a good screening tool to determine the potential
mutagenic thus carcinogenic effects.
Natural histidine levels in plants could also affect the outcome of the mutagenicity
assays, since they are based on his- strains of S. Typhimurium. According to Xue-jun
( 1991 ), this did not affect their findings in testing 102 herbs. Morimoto ( 1982) also
supported this conclusion. Nevertheless, caution should be exercised in plants having
high histadine levels in evaluating data.
With 83% correlation between mutagenicity and carcinogenicity (Ames and
Mccann, 1981 ), the efficacy of the Ames test has been criticized. One study that
criticized the mutagenicity of quercetin from hypericin, determined that quercitin was not
carcinogenic (Okpanyi et al. , 1990). The authors used a spot test on the skin of hamster
embryo cells and determined that quercetin was not carcinogenic. Quercetin needs
further evaluated using animal ingestion toxicity studies to make claims regarding
carcinogenicity.
Further genetic toxicology testing is warranted for herbs such as hypericum, ginko
biloba, and goldenseal. Additional testing is also recommend to determine levels of the
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mutagenic compounds, extraction methods to decrease mutagenicity, or removal of
mutagenic compounds in these herbs. For example, the thermo labile and chemically
unstable valepotriates (epoxi-irridoid esters) have been removed from commercial
valerian extracts due to mutagenicity and toxicity (Husain, 1998).
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Part 3: Antimicrobial Efficacy of Herbs in Marinated Chicken
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Abstract
The antimicrobial properties of many herbs have been investigated using culture
media, but few studies have been done using food model systems. Our objective was to
investigate the antimicrobial efficacy of herbs to spoilage and pathogenic
microorganisms. Fresh chicken breasts were inoculated (~ log 6 CFU/g) with C. jejuni,

S. Typhimurium, L. monocytogenes, and E. coli 0157: H7. The following marinade
treatments (base of water, salt, sodium phosphate, and citric acid; pH 4.5) were evaluated
using fresh inoculated chicken breasts (20% marinade by weight): control (no herbs),
0.3% grapefruit seed extract (GSE), 0.3% oregano essential oil (ORG), 0.3% thyme
essential oil (THY), combination of 0.3% of each GSE, ORG, and THY, and 1% dried
oregano leaves. APC and survival of pathogenic bacteria during storage at 4 °C were
determined at days O(after 6 hours of marinating), 3, 6, 9, 12, and 15. Dried oregano leaf
marinade was the least effective treatment in inhibiting all microorganisms. The GSE
marinade reduced the APC and growth of C. jejuni, (<2 log CFU/g reduction) but did not
significantly inhibit S. Typhimurium, E. coli O 157 :H7, or L. monocytogenes (P>0.05).
THY, ORG, and the combination treatment significantly reduced microbial counts
(P<0.05). The combination treatment was the most effective (P<0.05) in reducing APC
and E.coli O157:H7, and was highly lethal(~ log 4 CFU/g reduction) to S.
Typhimurium, C. jejuni, and L. monocytogenes. These data suggest that selected herbs
have powerful antimicrobial potency in a chicken marinade and may be used to increase
the shelf life and safety of value-added poultry products.
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Introduction
The demand for fresh, preservative-free and minimally processed food with the
highest safety and quality is challenging the food industry. Various methods to improve
the safety and shelf life of fresh chicken have been implemented. Vacuum packaging and
modified atmosphere packaging (MAP), chemical dips and hot water treatments, and
traditional chemical preservatives have been applied to increase safety and quality of
fresh chicken (Hwang and Beuchat, 1995; Jay 1996; Katouri and Nychas, 1994;
Ledesma, et al., 1996; Randell et al., 1995 ; Wimpfheimer et al., 1990; Xiong et al.,
1998). Despite all these efforts, mishandled chicken is often associated with foodbome
illnesses, and 85% of the consumers from a 1991 telephone survey in 4 cities are willing
to buy "safe" chicken (Moss, 1991 ). Fresh, marinated chicken products with spices and
other flavorings added have been very popular convenience items recently. Besides
providing authentic flavor, herbs and spices have potential antimicrobial properties, since
limited studies have illustrated their efficacy in food model systems. Although no one
method of preservation is best, but combination of various methods should be utilized to
increase the safety and shelf life of fresh products (Gould, 1996).
Vacuum packaging has been shown to increase the shelf life of fresh refrigerated
chicken by 2-3 days in addition to 6-9 days under air (Acton and Dawson, 1999).
Vacuum packaging and MAP did not inhibit lactic acid bacteria and Brochothrix

thermosphacta. Pseudomonas spp. only grew in 20% 0 2 : 80% CO2 system (Katouri and
Nychas, 1994 ). The unknown effect of MAP on the survival, growth, and toxin
production of pathogenic microorganisms is of concern. MAP (72.5% CO2 : 22.5% N 2 :

91

5% 0 2) has been shown to decrease APC (4 log CFU/g reduction), but not effective
against Listeria monocytogenes, which increased by log 6 CFU/g at 4°C in 21 days
(Wimpfheimer et al., 1990). Dipping the surface of chicken wings in trisodium
phosphate (10%) at 10°C for 15 seconds, followed by hot water (95°C) for 5 seconds was
highly effective (P<0.05) in reducing APC, Salmonella Typhimurium, L. monocytogenes,
and Staphylococcus aureus, which are stored at 4 °C for 7 days (Ledesma et al., 1996).
This treatment resulted in undesirable appearance and smell, which disappeared during
refrigerated storage after a few days. Lactic acid dips have also been shown to reduce the
spoilage and pathogenic microflora (Doores, 1993; Hwang and Beuchat, 1994). Spraying
chicken skin with water and chemical treatments such as cetylpyridinium, lactic acid,
trisodium phosphate and grapefruit seed extract (DF-100) significantly reduced (P<0.05)
APC and inoculated Salmonella population (Xiong et al. , 1998). They found that DF100, at 0.1% reduced APC and Salmonella by 1.7 and 1.6 CFU/g, respectively while
0.5% resulted in 2.1 and 1.8 CFU/g reduction, respectively.
Although antimicrobial efficacy of herbs has been investigated in culture media,
limited application studies using food model systems have been conducted. Inoculated
fresh fish fillets marinated in olive oil, oregano, and lemon juice (pH 3.9 and 4.0) under
MAP conditions (40% CO2 : 30% N 2 : 30% 0 2) was inhibitory to spoilage microflora, S.
Enteritidis and S. aureus (Tassou et al., 1996). In this study the combination of low pH,
long-chain fatty acids from the olive oil and MAP may have been more effective in
inhibiting bacteria than oregano. Minced pork with the addition of thyme essential oil
(100 µl of alcohol solution to 500 g meat) resulted in 2 log CFU/g reduction of L.

92

monocytogenes inocula over the first week of refrigerated storage (Aureli et al., 1992).
Addition of high concentrations of garlic have also been shown to be weak antimicrobials
in meat products (Anonymous, 1998; El-Khateib and El-Rahman, 1987; Helmy et al.,
1985). Addition of 5% garlic to fresh sausage held at 25°C resulted in 1 log CFU/g
reduction of S. Typhimurium within 4 days (El-Khateib and El-Rahman, 1987).
Application of 5% (of each and in combination) onion, garlic, spice and salt to minced
meat indicated that spice was less inhibitory than salt in inhibiting S. Typhimurium and
total coliform (Helmy et al., 1985). The mixture was more inhibitory to APC when the
product was stored at room temperature for 7 days. Reduction in growth of inoculated S.
Typhimurium in cooked meat was also observed during storage at 3 and -8°C for 28
days. Application of garlic (7.5% and 1%) in fermented sausage resulted in (2 and <1 log
CFU/g, respectively) reduction of Escherichia coli O157:H7 (Anonymous, 1998). They
also applied 7.5% spices to ground beef, inoculated (log 5 CFU/g) with E. coli O157:H7,
which resulted in 2.1 log CFU/g reduction by clove and 0.2-0. 7 log CFU/g reduction by
sage, oregano, garlic and cinnamon (Ceylan et al., 1998). Addition of cinnamon to apple
cider (pH 4.5) inoculated with E.coli O157:H7 after 24 hrs at 35°C resulted the
following reduction: control : 3.5 log CFU/ml, 0.5% cinnamon: 2.7 CFU/ml, 0.75%
cinnamon: 0.4 7 CFU/ml, and 1% cinnamon: undetectable levels (Ceylan et al., 1999).
Application of 20 µl horseradish essential oil to uncured, cooked roast beef was
inhibitory to Pseudomonas spp. and Enterobacteriaceae, but lactic acid bacteria were
resistant (Delaquis et al., 1999). Horseradish essential oil also delayed the development
of off flavors as determined by sensory and GC/MS analysis. Pelargonium essential oil
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was comparable to thyme essential oil, in a quiche filling which was stored at 25°C for 24
hours (Lis-Balchin et al., 1998). In this study, Pelargonium essential oil (250 ppm)
reduced the yeast population by approximately I log CFU/g; Salmonella Enteritidis and

Listeria innocua were reduced by 0.7 log CFU/g. Fresh rainbow trout, marinated with a
high concentration of black cumin oil ( 10%) during storage at 0°C and 4 °C for 60 days
resulted in reduction of spoilage microorganisms and lethality to inoculated L.

monocytogenes (Elgayyar, 1999).
Our literature search indicated that there is a need for investigation of herbal
antimicrobials to reduce both spoilage and the high-risk pathogenic microorganisms in
food model systems such as chicken. Our objective was to investigate the antimicrobial
efficacy of herbs to spoilage and pathogenic microorganisms including S. Typhimurium,

Campylobacter jejuni, E. coli O157:H7, and L. monocytogenes in marinated chicken.

Materials and Methods
Herbs
Grapefruit seed extract, oregano and thyme essential oils, and dried oregano
leaves were purchase locally (Nature ' s Pantry and Kroger, Knoxville, TN). All herbs
1

were analyzed (10- -10-4) on Standard Method Agar [SMA] (Difeo, Detroit, MI) for
aerobic plate count [APC] (35°C for 48 hours) and Potato Dextrose Agar [PDA] (Difeo,
Detroit, MI) for yeast and mold screening (25°C for 5 days). The selection of herbs was
based upon antimicrobial properties previously determined in a separate study (see Part
2).
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Bacterial culture and inoculum preparation
Freeze dried cultures of Salmonella Typhimurium (ATCC 14028),
Campylobacter jejuni (ATCC 43454), Escherichia coli 0157: H7 (ATCC 43889), and
Listeria monocytogenes (Scott A) were used. Aerobic cultures were revived and
cultivated in Brain Heart Infusion broth [BHI] (Difeo, Detroit, MI) and two consecutive
24-hour transfers were made prior to use. C. jejuni was grown in Fluid Thioglycollate
Medium [FTM] (Difeo, Detroit, MI). All cultures were incubated at 35°C, except for C.
jejuni (42°C). Morphological screening and biochemical reactions were used to
determine culture viability and purity (FDA, 1998). A 1: 10 dilution of the 24 hour
culture was made into 0.1 % peptone water, which was added to each 1000 g-bag of
chicken: S. Typhimurium: 6.9 CFU/g; C. jejuni: 7.9 CFU/ml (dilution in FTM broth, after
centrifugation, initially 4.2 CFU/ml), E.coli O157:H7: 6.4 CFU/g; and L.
monocytogenes: 6.0 CFU/ml. Since the population of C. jejuni was initially lower, 0.1
ml of culture was individually spread onto 5 Blood Free Campylobacter Agar (CCDA)
[Oxoid, Ontario, Canada] plates (no supplement), which were incubated for 48 hours at
42°C in an anaerobe jar using Campy Pack® (BBL, Cockeysville, MD). The growth on
the CCDA plates was suspended in FTM (10 ml) using a sterile loop and was transferred
into a sterile centrifuge tube. The suspended culture was spun twice at 10,000 rpm for 10
minutes at 10°C using Biofuge 172 (Baxter Scientific Product) to produce C. jejuni
population of 9.9 CFU/ml, which was diluted in FTM to log 7.9 CFU/ml prior to adding
to chicken.
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Chicken preparation
Fresh chicken breast strips were purchased (24-48 hours post-slaughter) from a
local grocery store (The Fresh Market, Knoxville, TN). The strips were cut into
approximately 25g pieces using flame-sterilized poultry scissors and were weighed and
placed in freezer-type zip lock bags (2 gallon size). Approximately 1000 g of chicken
was placed in each bag and a total of 6 bags were prepared. During sampling and
handling, the chicken bags were kept on ice. Prior to marinating, the chicken was
screened for S. Typhimurium, C. jejuni, E. coli O 157:H7, and L. monocytogenes and
Aerobic Plate Count (APC). Each chicken bag was inoculated with 10 ml of the each of
the diluted pathogens by massaging to uniformly cover the surface of chicken. The
temperature of the 4°C incubator was monitored and recorded twice daily.
Marinade formulation
Heller Seasonings and Ingredients (Chicago, IL) assisted with formulation of the
basic marinade and provided us with the basic ingredients (salt, sodium phosphate, and
citric acid). After dissolving the salt and sodium phosphate in water, the pH of the
marinade was adjusted to 4.5 by the addition of citric acid. Six treatments based on the
weight of the fresh chicken (v/w) were prepared: control (no herbs), 0.3% grapefruit seed
extract (GSE), 1% dried oregano leaves (ORL), 0.3% thyme essential oil (THY), 0.3%
oregano essential oil (ORG), and combination of essential oils and extract (0.3% GSE,
0.3 % THY, and 0.3% ORG). Each marinade was applies to the chicken (20% by weight
of the chicken) at day zero by hand-massaging 30 times. The marinated chicken was
stored at 4°C for up to 6 hours at day 0, prior to microbiological analysis.
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Microbiological assay
Sampling for microbiological analysis and pH of the marinated chicken was
performed on days 0, 3, 6, 9, 12, and 15. Biochemical and serological tests were
performed for confirmation and verification purposes (FDA, 1998). APC was also
conducted to determine general contamination levels and spoilage. Approximately 25g
samples were pummeled in 225 ml of appropriate enrichment broth (see next sections)
using a Stomacher 400-laboratory blender [Seward Teckmar, Cincinnati, OH] for 90
seconds. For enumeration, 1: 10 dilutions were made into 9 ml of 0.1 % peptone dilution
blanks (facultative microorganisms) and FTM (C.jejuni). The enrichment broth was then
incubated for 24 hours to isolate pathogens that were not recovered by direct plating and

"+" for recovery and "- " for no recovery was recorded for enrichment.
Salmonella Typhimurium
To recover S. Typhimurium from inoculated, marinated chicken, tetrathoinate
broth [Difeo, Detroit, MI] was freshly prepared on the sampling days for enrichment
purposes and incubated for 24 hrs at 37°C after sample addition. Samples were also
diluted and directly plated onto Bismuth Sulfite agar (BSA) and incubated for 24 hours at
3 7°C for 24 to 48 hours. Presumptively isolated typical Salmonella colonies (black) were

biochemically confirmed by Triple Sugar Iron agar (TSI), LIA, and/or urease test.

Salmonella spp. were further confirmed by Salmonella O antiserum Poly A-I and VI
[Difeo BBL, Coockeysville, MD].
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Campylobacter jejuni
For enrichment, Bolton broth with supplement [Oxoid, Ontario, Canada] and
lysed horse blood according to package instructions was freshly prepared. Extra caution
was taken to minimize exposure of oxygen to media and samples. The enrichment was
incubated in anaerobic jars using Campy Pak® [BBL, Cockeysville, MD] generators at
42°C up to 48 hours. For enumeration, the samples were also plated onto CCDA with
supplement [Oxoid, Ontario, Canada] and incubated under the conditions previously
described for 48 hours at 42°C. Typical Campylobacter colonies (white, opaque, watery)
were subject to biochemical tests including catalase and OF glucose fermentation.
E. coli 0157:H7

Serially diluted samples from 0.1 % peptone water (225 ml) were directly plated
onto CT SMAC plates (McConkey Sorbitol [Difeo BBL, Cookeysville, MD]; CTMAC
media, [Dynal Inc. , Lake Success, NY]). Plates and enrichment were incubated at 35°C
for 24 hours. The incubated sample at 37°C for 24 hours was streaked onto CTSMAC
plates and incubated at 37°C for 24 hours. Typical colonies (sorbitol negative, small
grey) were further confirmed by indole, Simmons citrate, and TSI fermentation. For
serological verification, E. coli O Antiserum O 157 [Difeo BBL, Coockeysville, MD] and
E coli H Antiserum H-7 [Denka Seiken, Tokyo, Japan] were used to detect agglutination
of positive isolates.

Listeria monocytogenes
From Modified Listeria Enrichment broth [Difeo, Detroit, MI] samples were
serially diluted and plated directly onto Modified Oxford Medium (MOX) [Difeo,
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Detroit, MI] and plates were incubated at 37°C for 24-48 hours. The enrichment was
incubated at 37°C for 24 hours, then streaked onto MOX plates. Listeria monocytogenes
colonies were confirmed using catalase, xylose, mannitol, and rhamnose.
Data analysis

Each assay and treatment was repeated three times. The SAS version 6.12
program (Cary, NC) was used to analyze the data. A randomized block design with
repeated measures on days, blocked by replication was used to test the effect of
microorganisms and marinade treatments. Least square means by LSD mean separation
were used to compare survival of bacteria (P<0.05).

Result and Discussion
Figures 3-1 through 3-6 show the growth and survival of aerobic microorganisms
(APC), S. Typhimurium, C. j ejuni, E. coli O 157 :H7, and L. monocy togenes in marinated
chicken treatments stored for 15 days at 4 °C. Isolation of pathogens from fresh chicken
on day 15 by enrichment, indicating the degree of lethality by various marinades is
shown in Table 3-1. ORL was the least effective herb for inhibiting bacterial growth, and
the combination of GSE, ORG and THY treatment was the most effective in inhibiting
growth and survival of all the microorganisms tested. GSE treatment was the next least
effective treatments while THY and ORG were highly inhibitory to both spoilage and
pathogenic bacteria in marinated chicken. Thymol and cravacol, saturated in the essential
oils of oregano and thyme have been reported to have antimicrobial properties (Conner,
1993). The antimicrobial efficacy of spices is intensified when the spice is concentrated
into essential oil or oleoresins (Conner, 1993; Milo, 1999).

99

Control (no herb)

IIGSE (0.3%)

EITHY (0.3%)

m oRG (0.3%)

El ORL (0.3%)
THY, ORG (0.3%)

9,-----------------------------,
8

7
6

u

5

0.0 4
0

,..:i
3

2

1

APC

s.

Typhimurium

C.jejuni

E.coli
0157:H?

Figure 3.1-lsolation of microorganisms in inoculated fresh
chicken after 6 hours of marinating at 4°C; inoculum levels (log

CFU/g) are as follows: S. Typhimurium: 6.9, Cjejuni: 1.9, E.
coli O157:H7: 6.4, and L monocytogenes: 6.0

100

L.

monocytogenes

-

*•

0

B

Control (no herb)
ORL (0.3%)
ORG(0.3%)
Detection limit

3

GSE(0.3%)
THY (0.3%)

--0--GSE, THY, ORG (0.3% each)

6

9

12

15

Days at4°C
Figure 3-2. APC of marinated chicken treatments during storage

101

•*

Oll 6.0
.......

Control (no herb)

B

GSE(0.3%)

8

GSE, THY, ORG (0.3% each)

ORL(0.3%)

THY (0.3%)

ORG (0.3%)
Detection limit

-1-- -----:::::;ii&--~-~~::::::~~~lllliiiiiii,;;-----~

u

jOll 5.0 .,.__

e
=
·;:
=
s 4.o ..--

:aC.

0

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _____.

~"""'-:::-- - - - - --=-...-.,:::"--4- - - - - - -------1

3

6

9

12

15

Days at 4°C
Figure 3-3. Isolation of S. Typhimurium (inoculum le".el = log 6.9 CFU/g) by
direct plating in marinated chicken treatments during storage

102

-

••

Control (no herb)

B

GSE(0.3%)

8

GSE, THY, ORG (0.3% each)

..

ORL(0.3%)
ORG (0.3%)

THY (0.3%)

Detection limit

9

~6~~=~~- - - - - - -- - - - -~~~
u
0l)

0

.i:: 5

-I---\-- - - - -~ - - - ',,,.___ __ __ _ _ _ _ _ _ _ _.....

::t
-~

·-.;..
s.J

i::::

4 -l-- - lr - - - - - ---+-- - -~ - - - -- - - -- ---1

.&::)

?-..

a

~3

2

1

0

3

6

9

12

15

Days at 4°C
Figure 3-4. Isolation of C jejuni (inoculum level = log 7.9 CFUig) by direct
plating in marinated chicken treatments during storage

103

.

•
•

4.0

B

Control (no herb)

*

ORL (0.3%)
ORG(0.3%)

8

GSE (0.3%)
THY (0.3%)
GSE, THY, ORG (0.3% each)

Detection limit

+-''r---~----:,,___ _ _ ___:~,...._c::,,.....,__ _ _ _ _ ___,.

r..

u

bl)

0

t-

t-

3.0 -t-----~=--- - - - - - - - - - - - ---1

V)

0

:.::
-.)

2.0 ...,__ _ _ _ _ _ _ _ _.....,_ _ _ _ _...,__ _ _ _....

0

3

6

9

12

15

Days at 4°C
Figure 3-5. Isolation of E. coli 0157:H7 (inoculum.level = log 6.4 CFU/g) by
direct plating in marinated chicken treatments during storage

104

.

•*

5

Control (no herb)

B

GSE (0.3%)

8

GSE,THY, ORG (0.3% each)

ORL(0.3%)

THY(0.3%)

ORG(0.3%)
Detection limit

~:;;;;;;±;;;:~===--------Bk:;;::-~ ~ - -1

s -1--~- - - - -~~===~::::::::,----=--=----J

u

4

~ ., +------>,~===:.:.-:_:_-=._-,. - -->y- -~ - - - - - - --1
<::)

E

~2+-------------....-----------~

0

3

6

9

12

15

Days at 4°C
Figure 3-6. Isolation of L. monocytogenes (inoculum level = log 6.0 CFU/g) by
direct plating in marinated chicken treatments during storage

105

Table 3-1. Isolation of pathogens by enrichment in marinated chicken stored at 4°C
on day 15
Pathogen

•
•
•

•
•
•
•
•

S. Typhimurium
S. Typhimurium
S. Typhimurium

C.jejuni
C.jejuni
C.jejuni
E. coli 0157:87
L. monocy togenes

Marinade treatment A

THY
ORG
GSE, THY, ORG
THY
ORG
GSE, THY, ORG
GSE, THY, ORG
GSE, THY, ORG

Growth

8

0/3
1/3
0/3
2/3
2/3
0/3
2/3
0/3

A Marinade

treatments (20% by weight of the chicken) with 0.3% of the herbal extract: GSE
(grapefruit seed extract), THY (thyme essential oil) and ORG (oregano essentia l oil).
8

0/3: no growth or recovery in all three replications, 1/3: recovery only in one of the replications, 2/3:
recovery in 2 of the replications

Aerobic Plate Count (APC)
The inoculation (~ log 6 CFU/g) of each of the selected microorganisms resulted
in chicken having initial APC average of 5.3-6.0 log CFU/g (Figure 3-1 and 3-2). After 6
hours of marinating the chicken using the combination treatment (GSE, ORG, and THY)
at day O , APC was significantly (P<0.05) reduced by 0. 7 log CFU/g as compared to the
control. The combination of GSE, THY, and ORG reduced APC from log 7.3 CFU/g
(control-no herbs) to log 4.3 CFU/g after 15 days at 4°C. ORL treatment increased the
APC by day 6 to log 6.9 CFU/g which was not significantly different from control and
GSE (P>0.05). By day 15, the ORL treatment reached log 6.5 CFU/g, which was not
significantly different from the control, GSE, THY, or ORG (P>0.05). APC for GSE at
day 3 was reduced by 0.5 log CFU/g from day zero. However, by day 12 and 15, the
APC for GSE was significantly lower than control; approximately 2 log CFU/g reduction
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(P<0.05). THY significantly reduced the APC by day 6 (P<0.05) and further reduced
APC by day 9 to less than log 5.0 CFU/g, and slightly increased on days 12-15. THY
treatment of APC was not significant (P>0.05) from ORG and GSE. ORG significantly
reduced APC of chicken at day 12. From day 3 through 15, the APC of chicken was
significantly reduced (P<0.05) and it was even lower than the initial count at day 0.
After 15 days of storage, all treatments (except for control) resulted in APC below
typical spoilage levels(> log 7 CFU/g) and initial load (except for ORL). ORL had the
highest APC at day 15 as compared to other herbal treatments and off odors and
sliminess was observed. Spoilage of poultry generally occurs with off odors, followed by
sliminess, and at log 7.2-8.0/cm2 (Jay, 1996). According to Brune and Cunnigham
( 1971 ), fresh poultry has an initial APC oflog 4-5 CFU/cm2 and they defined spoilage at
log 7-9 CFU/cm 2. By the most conservative estimate, the shelf life of chicken marinated
with herbal treatments (THY, ORG or combination marinade) was increased by at least 6
days (final APC

log 5.0 CFU/g).

Salmonella Typhimurium

S. Typhimurium was isolated from the fresh chicken before inoculation. Upon
marinating the chicken for 6 hours at day zero (Figure 3-1), THY, ORG and the
combination treatments significantly (P<0.05) lowered the S. Typhimurium population
(1-1.7 log CFU/g reduction). ORL and GSE did not initially reduce S. Typhimurium
(P>0.05). The combination marinade significantly lowered S. Typhimurium count
(Figure 3-3) on chicken from day 3 throughout the entire storage time (P<0.05). S.
Typhimurium was not detected by direct plating on days 9, 12, and 15. However, at day
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9 and 12, in the combination treatment, S. Typhimurium was detected by enrichment but
not on day 15 (Table 3-1 ). Therefore, the combination marinade reduced S.
Typhimurium counts on chicken after 6 hours and was highly lethal to S. Typhimurium
(log 3.8 CFU/g reduction) on chicken after 9 days of storage at 4°C. ORG and THY
marinades had little effect on S. Typhimurium levels until day 9 of storage. After 9 days
at 4°C, S. Typhimurium in ORG and THY marinated chicken decreased below log 1
CFU/g. At day 15, S. Typhimuium was not detected in the THY and the combination
treatments (Table 3-1) in all the 3 replications.

Campylobacter jejuni
C. jejuni was detected in all of the samples before inoculation and higher
inoculum level (log 7.9 CFU/g) was applied, which resulted in higher initial counts(~ log
8 CFU/g) as is shown in Figures 3-1, and 3-4. After 6 hours of marinating, THY, ORG,
and the combination treatments significantly (P<0.05) reduced the initial population of C.

jejuni (~2 log CFU/g reduction). ORL and GSE were the least effective treatments in
significantly (P>0.05) reducing C. jejuni. GSE and ORL on day 15 resulted in 2 and 0.5
log CFU/g reduction, respectively, which was significantly lower than the initial count
(P<0.05). By day 15, the population of C. jejuni was lower than initially at day zero in
all the treatments (except for control). This is due to the fact that C. jejuni can grow
slowly at refrigeration temperatures (Jay, 1996). THY significantly reduced C. jejuni
counts by day 9 and the count was even lower by day 12 and day 15 (P<0.05). THY
reduced the C. jejuni population (5-log CFU/g reduction) during the 15-day storage at
4 °C. C. jejuni was significantly reduced by ORG at day 6 (P<0.05) and over 5 log
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CFU/g reduction was observed by day 15. The combination treatment reduced the C.
jejuni population significantly after 3 days of storage (P<0.05). By day 15, C.jejuni was
not detected in the combination treatment (Table 3-1 ). Therefore, the combination
treatment was highly lethal to C. jejuni (log 6 CFU/g reduction).
Escherichia coli 0157:H7

E. coli O157:H7 was not detected on non-inoculated fresh chicken. Survival of E.
coli O157:H7 by marinade treatments during storage at 4°C is shown in Figure 3-1 and 35. After 6 hours of marinating the chicken, the population of E.coli O157:H7 was not
significantly reduced (P>0.05). ORL and GSE treatments were not significantly effective
in inhibiting the growth or survival of E. coli O157:H7 (P>0.05). Significant reduction
(P<0.05) of E. coli O157:H7 was obtained after day 6 with ORG, THY and the
combination marinade. By the end of 15 days of storage, ORG, THY, and the
combination treatments reduced (P<0.05) E.coli O157:H7 by 1-2 log CFU/g. However,
E. coli O157:H7 was not completely destroyed by any of the treatments studied
(Table 3-1).
Listeria monocytogenes
L. monocytogenes (inoculum level: log 6.0 CFU/g) was not detected in fresh, un-

inoculated chicken. The herbal treatments after 6 hours of marinating (Figure 3-1) did
not significantly (P>0.05) reduce the inoculated L. monocytogenes in chicken. As shown
in Figure 3-6, L. monocytogenes was resistant to the ORL, ORG, and GSE treatments,
which were not significantly different from the control (P>0.05). THY marinade
significantly (P<0.05) reduced the growth of L. monocytogenes by day 9, but had little
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practical use since the reduction was by only 1 log CFU/g by day 15. Aureli et al. (1992)
found that 0.2% thyme essential oil resulted in 2 log CFU/g reduction in minced pork
stored for 7 days at 4 °C, which was slightly greater than the inhibition found in our study
with chicken. The survival of L. monocytogenes at 4°C for a long time without
multiplication is documented (Aureli et al., 1992; Jay, 1996). The combination treatment
significantly (P<0.05) reduced the population of L. monocytogenes starting at day 3 and
resulted in lethality by both direct plating and enrichment at day 15 (4 log CFU/g
reduction) [Table 3-1]. Therefore, the combination marinade containing GSE, THY, and
ORG was very effective against L. monocytogenes.
Recent published studies have identified triclosan, methyl parabens and
benzethonium chloride (artificial disinfectant compounds; highly toxic), as the
antimicrobial agents in GSE (Sakamoto et al., 1996; Woedtke, et al. , 1999). Citricidal®
as a natural extractive (GRAS substance; 21 CFR 182.20), which constituted 33% of the
commercial sample tested in our study, is a quaternary compound from the bioflavonoids,
which are extracted from the seeds and the pulp of grapefruit, according to the
manufacturer (GSE, 2000). Citricidal® is very similar in molecular weight to both
triclosan and benzethonium chloride. Certificate of analysis from several independent
U.S. laboratories did not positively identify triclosan, benzethonium chloride, or parabens
from GSE, but a structurally similar compound is present which results in a false positive
(Gulf Cost Laboratories, Inc. , 1992; Irvine Analytical Laboratories, Inc. , 1996; United
States Testing Co, Inc. , 1995; Weston).
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Previous studies (Anonymous, 1998; Ceylan et al., 1998 and 1999) utilized a high
concentration of spices in fermented sausage, ground beef, and apple cider, which were
weakly effective in inhibiting E. coli 0157:H7. The antimicrobial properties of herbs are
frequently concentrated in the essential oils (Conner, 1993). In our marinade, we utilized
less than 1% of essential oil of herbs, which was more effective in inhibiting pathogens
than the studies mentioned, especially during longer storage period.
Our herbal marinade, free of artificial preservatives in combination with
refrigeration increased the shelf life of fresh chicken by at least 6 days and was highly
inhibitory and lethal to high-risk pathogens. These data suggest that selected herbs have
powerful antimicrobial potency in a chicken marinade and may be used to increase the
shelf life and safety of poultry. Further research is needed to investigate antimicrobial
resistance of microorganisms to herbs in value-added, minimally processed food
products, sensory attributes and physical and chemical changes in foods that might occur
with the use of essential oils in food formulations.
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Statistical Analysis
Antimicrobial efficacy of herbal extracts against selected pathogens

Each assay and treatment was repeated three times. The antimicrobial experiment
was statistically analyzed using the SAS version 6.12 (Cary, NC). This experiment was
analyzed to determine the differences in antimicrobial activity of herbs as compared to
control using PROC 1\1IXED. Data were fit to a completely randomized design and least
square means were analyzed by LSD mean separation (P<0.05).
SAS program
data two; infile CARDS firstobs=3 ;
input herb$ 1-27 @;
input zone @; organism='Lmonocytogenes'; rep=l ; output;
input zone @; organism='Lmonocytogenes'; rep=2; output;
input zone @; organism='Lmonocytogenes'; rep=3; output;
input zone @; organism='S. aureus'; rep=l ; output;
input zone @; organism='S. aureus'; rep=2; output;
input zone@; organism='S. aureus' ; rep=3; output;
input zone @; organism='Bacillus cerus'; rep=l ; output;
input zone @; organism='Bacillus cerus'; rep=2; output;
input zone @; organism='Bacillus cerus'; rep=3; output;
input zone @; organism='Clostridium'; rep=l ; output;
input zone @; organism='Clostridium'; rep=2; output;
input zone @; organism='Clostridium'; rep=3 ; output;
cards;
data one; infile CARDS firstobs=3 ;
input herb$ 1-27 @;
input zone @; organism='Salmonella '; rep=l ; output;
input zone @; organism='Salmonella'; rep=2; output;
input zone @; organism='Salmonella'; rep=3; output;
input avg@;
input zone @; organism='E. coli'; rep=l ; output;
input zone @; organism='E. coli'; rep=2; output;
input zone @; organism='E. coli'; rep=3; output;
input avg @;
input zone @; organism='Campylobacter'; rep=l ; output;
input zone @; organism='Campylobacter'; rep=2; output;
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input zone@; organism='Campylobacter'; rep=3; output;
cards;
data all; set one two;
logzone=log I 0(zone+ 1);
run;
proc print; run;
%macro crd(dset,var,treat);
proc sort data=&dset; by organism;
proc mixed data=&dset; by organism;
title2 "Mixed analysis for variable &var" ;
class &treat;
model &var = &treat /predicted;
lsmeans &treat/pdiff;
make 'predicted' out=rrr noprint;
make 'lsmeans' out=mmm noprint;
make 'diffs' out=ppp noprint;
run;
%include 'a:pdmix612.sas';
title2 "Mean Separation for &var" ;
%pdmi.x612(ppp,mmm);
proc univariate plot normal data=m; by organism;
title2 "Check on normality for &var" ;
var _resid _;
run;
proc sort data=&dset; by organism &treat;
proc means noprint; by organism &treat;
title2 "Check on equal variance for &var" ;
var &var;
output out=mmm mean=rawmean std=stddev;
run;
proc print; run;
%mend;
%crd( all, zone, herb) ;
%crd( all, logzone,herb);
*** **********************by micro **************************** *** ;
%macro byfact(dset,yvar);
proc mixed data=&dset noprofile; by micro;
title2 "Mixed ANOVA for &yvar" ;
class reps micro treatmen day;
model &yvar = treatmenlday / predicted;
random reps reps*micro*treatmen;
parms (0.13326671) (0.26017774) ( 0.55233333) /noiter;
lsmeans treatmenlday / pdiff;
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make 'predicted' out=rrr noprint;
make 'lsmeans' out=mmm noprint;
make 'diffs' out=ppp noprint;
run;
%include 'a:pdmix612.sas';
title2 "Mean separation for &yvar" ;
%pdmix612(ppp,mmm) ;
%mend;
proc sort data=one; by micro;
%by/act(one, count);
Mutagenicity of selected antimicrobial and popular herbal extracts

Data were also analyzed using the SAS, version 6.12 (Cary, NC) with regard to
the experiment's multi generational aspects accounting for toxicity in addition to Poisson
variability (Margolin et al. , 1981 ). Data were fit to a completely randomized design with
factorial treatments and analyzed using PROC MIXED. Least square means using LSD
mean separation was used to analyze the chemical effect related to unequal variance
(P<0.05).
SAS program
data one; infile CARDS firstobs=4 ;
test='TA 97a ';
input chemical$ 1-25 @;
. rep=l · activate='S-9
input revert rn-,
\.~ ,
'
input revert@:;.,,· rep=2 '· activate='S-9
input revert@; rep=3 ; activate='S-9
input avg@;
input revert@; rep=l ; activate='S-9
input revert @; rep=2 ; activate='S-9
input revert@; rep=3 ; activate='S-9
cards;

_,.' output",
-'·' output·,
-'; output;
+' ; output;
+'; output;
+'; output;

'

data two; infile CARDS firstobs=4 ;
test='T A 98 ';
input chemical$ 1-25 @;
input revert@; rep=l ; activate='S-9 -'; output;
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input revert 17il
· rep=2 · activate='S-9 _,. output
\."'j,
'
'
,
input revert @; rep=3; activate='S-9 -'; output;
input avg @ ;
input revert @; rep=l ; activate='S-9 +'; output;
input revert @; rep=2; activate='S-9 +'; output;
input revert @; rep=3 ; activate='S-9 +'; output;
input avg @;
input revert @; rep=l ; activate='B-g +'; output;
input revert @; rep=2; activate='B-g +'; output;
input revert @; rep=3; activate='B-g +' ; output;
cards;
'
data tre; infile CARDS firstobs=4 ;
test='T A 100 ';
input chemical$ 1-25 @;
- rep= l · activate='S-9
input revert 17il
\~,
'
input revert 17il
· rep=2· activate='S-9
\.""j,
'
input revert @; rep=3; activate='S-9
input avg@;
input revert @; rep=l ; activate='S-9
input revert @; rep=2; activate='S-9
input revert @; rep=3; activate='S-9
cards;

_,.' output·'
_,.' output"'
-'; output;
+'; output;
+'; output;
+'; output;

data for; infile CARDS firstobs=4 ;
test='T A 102 ';
input chemical$ 1-25 @;
input revert 17ilrep= l ,· activate='S-9 -'·' output'
\~,
input revert 17il
- rep=2· activate='S-9 -'· output·
\.Lej,
'
'
'
input revert @; rep=3; activate='S-9 -'; output;
input avg @;
input revert @; rep=l ; activate='S-9 +'; output;
input revert @; rep=2; activate='S-9 +'; output;
input revert @; rep=3; activate='S-9 +'; output;
cards;
,

data all; set one two tre for;
run ;
% macro crd( dset,var,treata,treatb );
proc sort data=&dset; by test;
proc mixed data=&dset; by test;
title2 "Mixed analysis for variable &var" ;
class &treata &treatb;
model &var = &treatal&treatb /predicted;
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repeated /group=chemical;
lsmeans &treatal&treatb/pdiff cl;
make 'predicted' out=rrr noprint;
make 'lsmeans' out=mmm noprint;
make 'diffs' out=ppp noprint;
run;
¾include 'a:pdmix612.sas';
title2 "Mean Separation for &var" ;

%pdmix612(ppp,mmm,test0=no);

proc univariate plot normal data=m; by test;
title2 "Check on normality for &var" ;
var _res id_;
run;
proc sort data=&dset; by test &treata &treatb;
proc means noprint; by test &treata &treatb;
title2 "Check on equal variance for &var" ;
var &var;
output out=mmm mean=rawmean std=stddev;
run;
proc print; run;
%mend;
¾crd( all,revert, chemical, activate);

Antimicrobial efficacy of herbs in marinated chicken

Each assay and treatment was repeated three times. The SAS version 6.12
program (Cary, NC) was used analyze the data. A randomized block design with
repeated measures on days, blocked by replication was used to test the effect of
microorganisms and marinade treatments. Least square means by LSD mean separation
were used to compare survival of bacteria (P<0.05).
SAS program
data one; set one ;
drop dayO day3 day6 day9 dayl2 dayl5 ;
array ddd dayO day3 day6 day9 dayl2 dayl5 ;
do over ddd; day=3*(_i_-1); count=ddd; output; end;
run ;
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proc print; run;
proc freq ; tables micro treatmen day; run;
%macro rbdfact( dset,yvar);
data &dset; set &dset;
trtcomb=compress(microll'-'lltreatmenll'-'llday);
run;
proc sort data=&dset out=temp; by trtcomb;
proc means noprint; by trtcomb;
var &yvar;
output out=mmm mean=rawmean std=stddev;
run;
proc print;
title2 "Check equality of stddev for &yvar" ;
run;
proc mixed data=&dset;
title2 "Mixed ANOVA for &yvar" ;
class reps micro treatmen day;
model &yvar = micro!treatmenlday / predicted;
random reps reps*micro*treatmen;
lsmeans micro!treatmenlday / pdiff;
make 'predicted' out=rrr noprint;
make 'lsmeans' out=mmm noprint;
make 'diffs' out=ppp noprint;
run;
%include 'a:pdmix612.sas';
title2 "Mean separation for &yvar" ;
%pdmix612(ppp,mmm);
proc univariate plot normal data=rrr;
title2 "Check on Normality for &yvar" ;
var _resid_ ;
run;
%mend;
¾rbdfact(one, count );

Pdmix 612.sas* was provided courtesy of Dr. Arnold Saxton
*Saxton, AM. 1988. A macro for converting mean separation output to letter grouping
in PROC MIXED. In SAS 1988. Processing of the 23 rd annual SAS Group International
Conference. p. 1243-1246.
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